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H AE M O S TA S I S  I N  A CU T E  N E UR O L O GI CA L  D I S O RD E R S  




De verminderde bloedplaatjesaggregatie die optreedt in aansluiting op acute 
cerebrale aandoeningen komt tot stand via een veranderde activiteit van 
neurotransmitter-systemen in de hersenstam, die de spiegels van neurohumo­
rale stoffen in het perifere bloed beYnvloeden. 
Dit proefschrift. 
II  
De afgenomen bloedplaatjesaggregatie na een emstige contusio cerebri 




V oor comateuze patienten met pulmonale stoornissen is pas een therapeutisch 
aanvaardbare situatie bereikt, indien niet aileen de arteriele zuurstofsaturatie 
doch ook de arteriele zuurstofspanning optimaal is. 
IV 
De zgn. late posttraumatische epilepsie (Arch. Neural., 1974, 30, 394) vindt 
waarschijnlijk zijn oorzaak in het samengaan van lokaal hersenletsel met 
diffuus gestoorde cerebrale monoaminerge neurotransmitter-systemen. 
v 
De recent geYntroduceerde term 'persistent vegetative state', (Lancet, 1972, 
i, 734), die onder meer het 'coma vigile' of 'akinetisch mutisme' omvat, 
werkt verwarrend en draagt niet bij tot verder inzicht in verschillende toe­
standen van blijvende bewusteloosheid. 
VI 
De onbekendheid van de medicus met het postcommotionele syndroom heeft 
een ongunstige invloed op de mate en duur van de invaliditeit van de patient. 

VII 
Het onderzoek met de reflexhamer is een sterk overgewaardeerd onderdeel 
van het neurologisch onderzoek. 
VIII 
De nitroblue-tetrazolium (NBT) test is geen specifieke methode bij de diag­
nostiek van bacteriele infecties, doch een aspecifieke, stress-gevoelige test. 
IX 
Myeloide leukaemie is het gevolg van afwijkend proliferatiegedrag van slechts 
een enkele clone van bloedvormende cellen en niet van het myeloide appa­
raat als geheel. 
X 
Het ontbreken van gestandaardiseerde criteria met betrekking tot het ge­
bruik van de term 'praecarcinomateuze mamma-laesies' maakt vergelijking 
van klinische onderzoeksresultaten vrijwel onmogelijk. 
XI 
Bij de screening op risicofactoren voor ischaemische hart:z:iekten bij be­
volkingsonderzoek verdienen, naast electrocardiografisch en biochemisch 
onderzoek, belastingsproeven als routine aanbeveling. 
XII 
De veranderende oprme over euthanasie, die ook de medische wereld be­
invloedt, kan de veiligheid van de patient in het ziekenhuis in gevaar brengen. 
XIII 
Het is ongewenst dat de academische ziekenhuizen een opgelegde en ex­
plioiete rol in de regionale gezondheidszorg krijgen. In de veelheid van taken 
die de academische ziekenhuizen vervullen, dragen onder andere geavan­
ceerde medische verzorging en de uitoefening van subspecialismen impliciet 
en in belangrijke mate bij aan deze regionale gezondheidszorg. 
XIV 
Het verstrekken van begrijpelijke medisch-technische informatie aan de 
patient en zijn naasten is een onderdeel van de medd.sche behandeling en 
dient in de medische opleiding onderwezen te worden. 
Stellingen behorende bij het proefschrift van Charles J. Vecht 
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I NT R O D UCTION 
The idea of  studying fibrin formation, fibrinolysis and platelet function in 
patients with acute neurological disorders was prompted by some coincidental 
findings. The weighing of the advantages against the disadvantages of giving 
blood transfusions to severely injured patients is an important practical clinical 
problem. In particular after brain trauma in combination with long bone 
fractures, decreased haemoglobin (Hb) levels as a result of blood loss are 
frequently encountered. From a neurological point of view sufficient oxygena­
tion of brain tissue is a first requisite and therefore optimal respiratory function 
and an adequate systemic blood flow are mandatory therapeutic goals after 
brain injury. The formula for oxygen consumption in the brain (as in any 
other tissue): 02 consumption = (cerebral) blood flow X oxygen saturation 
difference X haemoglobin, shows that tissue oxygenation is directly proportional 
to the cerebral blood flow, to the arterial-venous difference of oxygen saturation 
and to the haemoglobin concentration. Thus correcting low Hb levels to 
normal by blood transfusions may form an important part of the therapy. 
Especially, since it may be assumed that after head trauma certain parts of the 
injured brain have an impaired blood flow and a decreased arterial oxygen 
tension and saturation due to primary or secondary pulmonary disorders. 
Nevertheless, some authors discourage blood transfusions after injury since 
these are believed to induce disseminated intravascular coagulation (DIC) and 
pulmonary dysfunction (Miller et al. ,  1 962 ; Ponsen, 1 970 ; Connell and Swank, 
1 973). From their point of view, the danger of inducing fat embolism is a 
principal argument against blood transfusion in spite of low Hb levels. 
At the start of this investigation, little information was available on the 
nature of changes in haemostatic function following brain injury. Therefore, 
the first aim of this study is to describe the coagulation status after brain 
trauma and to investigate whether or not DIC is related to brain injury. In 
addition, the influence of blood transfusion on haemostasis and on pulmonary 
function after brain injury will be considered. 
Changes found in leukocytes and blood platelets in some acute neurological 
disorders provided the second motive for this study. Dodsworth and Harris 
(1971)  described a decreased adhesiveness of the neutrophil granulocyte after 
brain damage and anoxia. Van Woerkom, Teelken and Minderhoud ( 1973) 
1 
reported similar findings after head injury and assessed a relation between the 
duration of unconsciousness and the degree of impairment of the phagocytizing 
capacity of leukocytes. After general anaesthesia impaired phagocytosis has 
also been reported (Lofstrom and Schildt, 1974). It is remarkable that in these 
conditions a changed leukocyte function seems to coincide with an altered state 
of the central nervous system (CNS). 
Platelet function also has been reported to change in relation to neurological 
entities. The thrombocyte is in several aspects similar to the neutrophil 
granulocyte : their adhesive, phagocytizing and secretory qualities are very 
similar (Mustard and Packham, 1968 ; Stormorken, 1969). Impaired platelet 
aggregability has been observed after head injury as well as postoperatively, 
possibly due to general anaesthesia (Attar et al. ,  1 969 ; O'Brien et al . ,  1 971). 
Platelet and leukocyte function may thus to a certain extent depend on the 
influence of the CNS. Therefore, a substantial part of this study is concerned 
with platelet aggregation after head injury, in particular in relation to the state 
of consciousness of the patient, and to other brainstem function parameters. 
As stated before, pulmonary abnormalities in relation to head injury are 
common, and these abnormalities could act on platelet function. The lungs 
are important secretory organs of vasoactive substances and a change in 
pulmonary function might consequently influence platelet function too .  
Pulmonary changes will therefore be  studied in  relation to  blood coagulation 
following brain injury. 
Evaluating the influences of the CNS on haemostasis after brain trauma, the 
question whether similar factors play a role in other acute neurological disorders 
deserves special attention. For that reason fibrin formation, fibrinolysis and 
platelet function following cerebral infarction or subarachnoid haemorrhage 
will also be studied in this context. 
2 
CHAPTER 2 
HAE M O S TATI C F UN C T I O N  
2.1 Normal haemostasis 
Haemostasis is effected at the site of vascular injury through the interaction. of 
vessel wall structures, platelets and blood coagulation factors. Concerning 
platelet function the reader is referred to reviews of, e.g., Johnson ( 1971} ;  
Smith and MacFarlane (1974) ;  White (1974) ; Sherry and Scriabine (1974) ; 
Deykin (1974) and Baldini and Ebbe (1974). Reviews of, e.g., MacFarlane and 
Biggs (1948), Astrup (1966), Sherry (1969), McNicol and Davies (1973), 
Nemerson and Pit1ick (1974) ; Walsh (1974) ; Nilsson (1974) and Ratnoff (1974) 
deal with plasma coagulation and fibrinolysis. 
2.1.1 Platelet function 
Generally, the formation of a platelet plug is the initial step in the process of 
haemostasis. When the vessel wall is injured, contact between platelets and 
subendothelial material, the basement membrane and collagen fibres is initiated. 
Under these conditions the disc-shaped platelet changes into a spiny sphere 
(shape change) and may adhere to the exposed vessel wall structures. Con­
sequently, adenosine diphosphate (ADP) and other vasoactive amines like 
serotonin (5-hydroxytryptamine, 5-HT) and catecholamines are released from 
the intracellular platelet pool. This process is called the release reaction. The 
release of ADP results in the sticking of platelets to each other, finally resulting 
in platelet aggregates. The formation of a platelet aggregate may stop a bleeding 
without necessarily concurrent fibrin formation. Usually a platelet aggregate is 
stabilized by formation of fibrin strands. 
Apart from vessel wall contact, platelet aggregation can also be induced by 
the action of thrombin. Platelets may initiate fibrin formation by the release of, 
among other things, platelet factor 3 (pf-3). This phospholipid can promote 
plasma coagulation through the activation of factors X and V converting 
prothrombin in the presence of calcium ions; 
The function of the blood platelet can be illustrated with the help of Born's 
aggregation technique ( 1962). This turbidometric test system is currently used, 
as in the present study, to investigate platelet aggregation. It is based on the 
observation that the formation of aggregates in a stirred suspension of platelets 
results in a decrease in optical density in the transmission of incident light. As 
3 
aggregation-inducing agents collagen, ADP and adrenalin are often used. 
Presumably the mechanism by which ADP mediates aggregation of platelets 
in vitro can also operate in vivo, without anything else having to enter the 
sequence of events (Born, 1 974). 
At critical concentrations ADP causes aggregation in two waves. Immediately 
following ADP addition, the optical density increases due to the phase of shape 
change of platelets (Holmsen, 1 974). This is rapidly followed by a decrease in 
optical density representing a first wave of aggregation due to the direct effect 
of ADP on platelets (Mustard and Packham, 1 970 ; Weiss, 1 974). A second 
wave is due to release of ADP, ATP and serotonin (Mills et al. , 1 968). At 
higher concentrations of ADP, as applied in this study, no biphasic response is 
seen, presumably because the initial stimulus is sufficient to give a maximal rate 
and degree of aggregation, see fig. 2. 1 .  




t 0.75 ,ugr /ml ADP 2min 10min 
Fig. 2.1 Diagram of the ADP-induced aggregation curve and its parameters. 
The initial slope of the ADP-induced aggregation curve may be assumed to 
represent the velocity with which platelets initially stick together and ADP 
release is started. The maximum fall in optical density (ODmax) depends on 
the ability of the platelets to release ADP. In addition, the ODmax depends 
on the concentration of exogenous ADP as well as on the number of platelets 
in the sample (Hellem, 1968). The greatest fall in optical density is usually 
achieved within approx. two minutes (tODm) and remains stable or is followed 
by only a slight increase during the next ten minutes (OD 10). In certain 
pathological conditions this increase in optical density is greater, due to a 
4 
subsequent disaggregation of platelets. The disaggregation is assumed to 
represent a loosening of platelets from the formed aggregates, due to degrada­
tion of ADP by plasma enzymes and other effects (Born, 1 962 ; Izrael et al. ,  
1 974). 
2 .1.2 Fibrin formation and fibrinolysis 
The plasma proteins which are involved in the haemostatic process circulate in 
their inert precursor form until activation starts. Coagulation is initiated by 
two mechanisms, the intrinsic and the extrinsic pathway (fig. 2.2) .  The intrinsic 
pathway is triggered by activation of factor XII (Hageman factor) by, among 
other things, collagen leading to complex III consisting of factor Xlla and XL 
INTRINSIC PATHWAY 







ta-�-+ 3ZJ[--!ll[ a 
Complex][ 
monomers -fibrin polymers 
.xnra - J 
FIBRIN 
Fig. 2.2 Coagulation diagram after Hemker et al. (1970). 
This complex III activates factor IX leading to complex II consisting of factor 
IXa and VIII on the surface of a phospholipid micel, provided calcium ions 
are present. This complex II acts as a factor X-activating enzyme resulting in 
the formation of a complex I consisting of factors Xa and V on a phospholipid 
micel and calcium ions. Complex I converts prothrombin resulting in thrombin 
formation. 
Recently, Walsh (1974) suggested that the activation of the intrinsic pathway 
is primarily initiated via platelet release and aggregation. The surface of a 
5 
platelet aggregate may trigger contact activation of factor XII by the physi­
cochemical properties of the platelet surface in the presence of ADP. Secondly 
the activation of factor XII may be bypassed through activation of factor XI 
on the platelet surface, provided collagen is present. 
The activity of the intrinsic pathway can be measured by the cephalin time 
or partial thromboplastin time (PTT), in which contact activation is provided 
by kaolin. The PTT will be prolonged if, among other things, the content of 
factors XII, XI, IX, VIII, X, V, prothrombin or fibrinogen is decreased. 
The extrinsic pathway is started when a specific lipoprotein, usually called 
tissue-thromboplastin is released and reacts with factor VII in the presence of 
calcium ions. This complex consisting of factor VIla, calcium ions and lipo­
protein activates factor X leading to complex I, which is the common pathway 
in both the extrinsic and intrinsic mechanisms. The activity of the extrinsic 
pathway can be measured through the prothrombin time (PT). The PT is the 
coagulation time after addition of an optimal amount of thromboplastin and 
calcium ions to citrated plasma. The PT is sensitive to deficiencies of factors 
VII, X, V, prothrombin and fibrinogen. 
Thrombin, an active proteolytic enzyme, hydrolyzes fibrinogen into fibrin 
monomers. These fibrin monomers form an insoluble polymer : fibrin, the 
end-product of plasma coagulation. This polymer, which is only partially 
effective in haemostasis, is stabilized by the action of a fibrin-stabilizing factor 
(factor XIII). The final step in blood coagulation, the fibrinogen-fibrin con­
version, is measured through the thrombin time. The thrombin time is deter­
mined by the coagulation time after addition of a fixed amount of thrombin to 
citrated plasma. It depends on the content of fibrinogen and partly on any 
substances which inhibit the effects of trombin, such as fibrinogen/fibrin 
degradation products (PDP) and antithrombin III. 
An important counterpart of the coagulation mechanism is the fibrinolytic 
system. The active fibrinolytic enzyme is plasmin which cleaves, among other 
things, fibrinogen and fibrin which form fibrinogen/fibrin degradation products 
(FDP). The fibrinolytic enzyme system plays on the one hand a role in the 
constant removal of minute amounts of probably continuously produced intra­
vascular circulating fibrin and on the other in the removal of thrombi and other 
intravascular deposits in patients with thromboembolic disorders. Plasmin is 
formed through conversion of plasminogen into plasmin. The plasminogen 
circulates as an inactive precursor, which is activated by plasminogen activators 
controlling the plasminogen-plasmin conversion. Plasminogen activators are 
proteolytic enzymes which occur naturally in many tissues. In the circulating 
blood, they occur as blood or plasma activators which originate probably from 
endothelial cells ; in urine as urokinase, and further in other tissue-fluids in-
6 
eluding the cerebrospinal fluid (CSF). The activated Hageman factor (XIIa) 
also acts as a plasminogen activator. 
2.2 Haemostasis and the CNS 
2.2.1 Fibrin formation and fibrinolysis 
As early as 19 14, Cannon and Gray observed in anaesthetized cats a shortening 
of the coagulation time after intravenous or subcutaneous injection of adrenalin. 
This effect was not observed after removal of the intestines. Splanchnic nerve 
stimulation also produced an acceleration of the clotting process in the presence 
of intact adrenals. However, following removal of the adrenals, splanchnic 
nerve stimulation did not affect blood coagulation. From these findings it 
appeared that a cooperation between adrenals and intestinal organs is necessary 
for the effect on blood coagulation (Cannon and Mendenhall, 1 9 14). The same 
investigators found that painful stimulation of afferent nerves and major 
operations under light anaesthesia shortened the coagulation time. Emotional 
excitement induced a shortened coagulation which was prevented by cutting of 
the splanchnic nerves. They assumed therefore that during pain and strong 
emotions the increased concentration of adrenalin was causative of the activated 
clotting. In the enhanced secretion of adrenalin from the adrenals the intestines 
played an important role. 
Markossian and Yakounine (1961) noted in unanaesthetized rabbits a 
shortening of the clotting time and a decrease of factor V following electrical 
stimulation of the cerebral cortex by micro-electrodes. Electrical excitation of 
the reticular formation of the mesencephalon produced a persistent shortening 
of the clotting time accompanied by an increase of factor V in the blood. 
Stimulation of the anterior and lateral hypothalamus provoked a lengthening 
of the clotting time with a decrease of factor V. It was therefore concluded that 
the reticular formation could influence haemostasis in several ways. In addition, 
it was observed that a shortening of the clotting time coincided with desyn­
chronization on the EEG and a regular rhythm of 4-6 sec., while a lengthening 
occurred in association with slow waves. The EEG changes preceded the 
differences in haemostasis. Chepurov and Markossian (1967) studied the 
effects of micro-injection of acetylcholine into the anterior and posterior zones 
of the hypothalamus. After injection into the region of the nuclei of the anterior 
zone they found a decrease in the concentration of prothrombin and of factors 
VII and VIII. The fibrinogen concentration decreased and the fibrinolytic 
activity rose slightly. At the same time the EEG showed fast low-amplitude 
waves and a paroxysmal activity. Micro-injections of acetylcholine into the 
posterior nuclei of the hypothalamus were also accompanied by hypocoagula­
tion, although to a lesser extent. Based on these findings it was assumed that 
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the central cholinergic pathway in the hypothalamus could have a regulatory 
influence upon blood coagulation. Baluda et al. (1972) electrically coagulated 
the median eminence of the hypothalamus of anaesthetized cats. They observed 
9 days after the lesion a persistent lengthening of the bleeding time, a fall in 
factor XIII activity and a lower resistance of the vessel walls. These results were 
explained by insufficiency of the hypothalamo-hypophyseal-adrenal axis 
resulting in low ACTH and glucocorticoid levels. In 1973, Ermolaev induced 
a state of 'hypercoagulability' by electrical stimulation of the dorsal and ventral 
hippocampus. Gunn and Hampton (1967) measured the plasma factor VIII 
activity after stimulation of implanted electrodes in discrete brain areas of 
anaesthetized dogs. Electrical stimulation of the mesencephalic reticular 
formation, the lateral hypothalamic area, the central grey reticular formation 
and the pontine reticular formation produced a transient but significant 
increase in factor VIII activity. A decrease in factor VIII activity was observed 
after stimulation of the posterior hypothalamic area and associated mammillary 
tracts. Stimulation experiments of various subcortical sites like thalamic nuclei, 
lateral preoptic, optic chiasm, superior colliculus and red nucleus did not 
produce a change in factor VIII activity, even with maximum currents. In all 
these investigations no associated change in prothrombin or profibrinolytic 
activity was seen. It was assumed by the authors that differently acting CNS 
systems are related to plasma factor VIII activity. 
Mannucci et al. ( 1971)  showed evidence for an influence of the CNS on 
factor VIII levels in man. They observed a marked elevation of factor VIII in 
the first two hours following pneumoencephalography (PEG) and a second 
rise after six hours. After electroshock an elevation of factor VIII was also 
found. Electrocoagulation of the ventrolateral thalamic nucleus in patients 
with Parkinson's syndrome produced a rise in factor VIII, although lower than 
observed after PEG and electroshock. Arteriography, myelography and lumbar 
puncture caused no changes in plasma factor VIII levels. In this investigation 
no concomitant alterations of factors IX, XI and XII were observed, which 
makes a non-specific effect improbable. Pretreatment with heparin before 
PEG did not affect the factor VIII elevation, suggesting that the increased 
levels were independent of thrombin formation. In addition, they determined 
that the increased factor VIII level was not present in its activated form. 
Enhanced fibrinolytic activity was not observed following PEG, indicating 
that the factor VIII rise was independent of plasminogen activation and plasmin 
formation. Tovi (1972) showed, however, a raised fibrinolytic activity after PEG. 
Other investigators (Ingram, 1 961;  Rizza, 1 961)  reported an increase of 
factor VIII following adrenalin administration or muscular exercise. Mannucci 
et al. ( 1971)  measured factor VIII concentrations after pretreatment with a 
beta-adrenergic blocking agent before the PEG. In these circumstances marked-
8 
ly elevated factor VIII levels were invariably present. This is in contrast with 
other studies (Ingram and Jones, 1966 ; Cohen et al. ,  1 968) in which pretreat­
ment with a beta-blocking drug prevented the adrenalin-induced factor 
VIII rise. This may suggest that PEG produces a factor VIII elevation through 
another mechanism than endogenous adrenalin liberation. Because of the 
coincidental presence of changed homeostatic balances, e.g., body temperature, 
water balance, glucose homeostasis and lipid levels following PEG (Boudin 
et al. ,  1 954 ; Wise et al. ,  1 958 ; Wender, 1964), Mannucci et al. ( 1971)  proposed 
that hypothalamic and mesencephalic influences were responsible for the 
observed alterations in factor VIII levels. 
To our knowledge, data from clinical practice which indicate a regulatory 
influence of the CNS upon blood coagulation are scarce. Brisman and Mendell 
(1 973) observed a high frequency (33 .3  %) of clinical thromboembolism in 
association with tumours in the suprasellar region. Brain tumours in non­
suprasellar locations showed a significantly lower frequency (6. 7  %) of throm­
boembolic disease. 
The fibrinolytic activity can be affected by a wide range of influences.  Here we 
will only discuss CNS influences and pharmacological agents acting on the 
nervous system. 
Enhanced fibrinolytic activity is observed in several conditions related to 
changed CNS function. Increased fibrinolysis has been found during anxiety 
or exercise (MacFarlane and Biggs, 1946 ; Biggs et al. ,  1 947) and this raised the 
possibility that adrenalin was the causative agent. MacFarlane and Biggs 
(1948) were indeed able to confirm an enhanced fibrinolytic activity following 
adrenalin infusion. Increased fibrinolysis has also been described following 
electroshock (Fantl and Simon, 1 948). Chakrabarti et al. ( 1969) found an 
initially increased fibrinolysis followed by a prolonged period of inhibition 
after stress induced by convulsive therapy, surgery and acute myocardial 
infarction. Following trauma this biphasic response has also been observed 
(Innes and Sevitt, 1964). Cash (1972) showed that after adrenalin infusion an 
initial increase in fibrinolysis was present without a secondary inhibition. He 
stated that other effector mechanisms might be causative of the latter. Soulier 
and Koupernik (1 948) described elevated fibrinolytic activity in man following 
acetylcholine-induced shock which produced a short cardiac arrest and 
peripheral vessel collapse. Kwaan et al. (1957) found that acetylcholine not 
only caused local induction of fibrinolytic activity but also a reflex production 
of lytic activity in the veins. Atropine was found to block the efferent part of 
the reflex but not the afferent side. 
After various neurological procedures enhanced fibrinolysis has been observed. 
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PEG induces a rise in fibrinolytic activity of the CSF (Schneck and Von Kaulla, 
196 1) because of increased concentrations of plasminogen proactivator and 
activator in the CSF (Takashima et al. ,  1 969) . Tovi et al. (1 973b) confirmed these 
findings and observed a rapid CSF fibrinolytic response and a somewhat 
retarded blood fibrinolytic response after PEG. He suggested that the direct 
contact of the injected air with plasminogen-rich leptomeninges might stimulate 
the release of plasminogen activator into the CSF. Following the development 
of artificial cerebral haematomas the CSF euglobulin fraction showed an in­
creased fibrinolytic activity without a concurrent rise of the systemic lytic 
activity. 
It seems likely that the CSF possesses strong fibrinolytic properties since 
subarachnoid and subdural blood clots are easily removed from the CSF. 
Many investigators have confirmed the fibrinolytic qualities of the CSF.  
Roberts and Astrup (1957) reported incomplete fibrinolytic activator activity 
in the human CSF and large concentrations of plasminogen activator in 
meninges of monkeys. Moltke (1958) observed considerable amounts of 
plasminogen activator in the pia mater of several mammalian species, which 
were believed to be higher than those recorded for any other organ in these 
animals. Dura mater had lower activity than pia mater. Porter et al. ( 1966) 
showed in man that the dura and the arachnoid membranes contain a direct 
fibrinolytic activator which converts plasminogen into plasmin. Later Porter 
et al. ( 1969) found that the CSF contained an indirect fibrinolytic activator 
which was converted into a direct activator by streptokinase or by incubation 
with the euglobulin plasma fraction. Human dura mater and arachnoid 
membranes were found to contain direct and indirect activator properties. A 
study of human autopsy cases (Takashima et al. , 1 969) assessed higher fibrino­
lytic activity of meninges and choroid plexus than of various regions of brain 
tissue, while the fibrinolytic activity of cerebral arteries lay in between. More 
recently, Tovi (1973a) showed that the high fibrinolytic activity of the brain was 
found to be confined to the small vessels of the leptomeninges while in large 
arteries there was no activity at all. In addition, the cerebral arteries showed 
centres of fibrinolytic activity in the intimal layer. 
2.2.2 Platelet function and the CNS 
The platelet is used for studying uptake processes in monoamine-containing 
neurons. As a model for the presynaptic nerve-terminal platelets may be 
applicable to the study of serotonergic neurons, due to the striking similarities 
in the manner in which both cells transport, store and metabolize serotonin. 
Such parallels have not been satisfactorily demonstrated for other putative 
neurotransmitters such as noradrenalin, dopamine and amino acids (Sneddon, 
1973) . 
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In certain neurological entities a defect in platelet serotonin metabolism is 
held to represent a general defect in indole-alkylamine metabolism elsewhere 
in the body, particularly in the CNS, as is supposed in Down's syndrome 
(Coleman, 1973). In this syndrome and in some other congenital abnormalities 
of the CNS low blood serotonin levels together with low platelet serotonin 
content have been reported (Bouillin and O'Brien, 197 1) .  Several explanations 
have been given to account for the platelet serotonin deficit, but on the whole 
a depressed uptake and transport of serotonin into the platelet (Jerome and 
Kamoun, 1967 ; Lott et al. , 1 972 ; McCoy and Bayer, 1 973) is held to be the 
causative factor. About the role and influences of the CNS upon this platelet 
abnormality many speculations, in particular regarding cerebral serotonin 
activity, have been made without satisfactory solution so far. 
In migraine, much attention has been devoted to the theory of a 'lower 
threshold' for serotonin release from platelets as a pathophysiological factor in 
this syndrome (Dalsgaard-Nielsen, 1 974 ; Sjaastad, 1 975). To what extent 
CNS influences are related to the changes in serotonin metabolism of the 
platelet is unknown, but a disequilibrium of central sympathetic and parasym­
pathetic activity is assumed to be involved (Dalsgaard-Nielsen, 1974). 
Recently, a generalized defect in dopamine metabolism based on a dopamine 
deficit in the basal ganglia and a decrease in platelet dopamine uptake has been 
suggested in Parkinson's disease (Barbeau et al. ,  1 975). 
In multiple sclerosis an increased platelet stickiness has been reported 
(Persson, 1958 ; Millar et al. ,  1 966 ; Millac, 1967). Specific properties of 
multiple sclerosis have been associated with platelet function. A thrombocyte­
agglutinating substance in the CSF and the putative encephalitogenic factor 
have been proposed to induce an increased platelet adhesiveness (Persson, 
1958 ; Field and Caspary, 1964). 
11 
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P A T I E N T S  AND M E T H O D S 
3.1 Patient groups 
In chapter 4 the results of the following four groups of patients will be reported. 
a. Surgical patients. Eleven patients, admitted to the department of surgery 
because of a fracture of the femur and/or of the tibia or the fibula. Only those 
patients who showed not even the slightest sign or symptom of a cerebral 
concussion were added to this group. In addition, patients with severe abdo­
minal or pulmonary trauma and complications were not included in this group 
of patients. During hospitalization patients over 1 8  received acenocoumarin. 
The individual data of these patients are presented in table 3.1. 
b. Fatally brain injured patients. Eight patients, dead within 24 hours, 
primarily due to massive brain injury following closed head trauma in traffic 
accidents. In two of the eight patients (no. 1 4  and 26, see table 3.2) the presence 
of early shock probably contributed considerably to the fatal outcome. The 
individual clinical data of this group of patients are presented in table 3.2. 
c. Severely brain injured patients. Nineteen patients, selected on the basis of 
their state of consciousness on admission. Condition for admittance to this 
group was a total coma score of 8 points or less during at least six hours after 
admission (see further table 3.7; Teasdale and Jennett, 1974). The best patient 
in this group showed a highest coma score determined by absence of eye 
opening on pain stimulus (eye opening score 1 ), localizing movements on pain 
stimulus (motor responsiveness score : 5) and absence of verbal response or 
uttering of unrecognizable words (verbal response: 1 or 2). These patients 
were unconscious for seven days or more. All patients sustained a closed 
head trauma in traffic accidents. Five patients of this group died. In four 
patients death was preceded by a period of post-traumatic akinetic mutism. 
Two other patients remained in a post-traumatic akinetic mutism. Six months 
after injury one patient showed a severe disability, five patients a moderate 
disability and six patients a good recovery. This classification was defined 
according to Jennett and Bond ( 1975). The individual clinical data of the 
patients are presented in table 3.3. 
d. Slightly brain injured patients. Eleven patients, selected on the basis of 
their state of consciousness on admission : all patients with a better coma score 
(>8 points on total coma score) than the severely brain injured patients were 
1 3  
Table 3 .2 Clinical data offatally injured patients. 
Patient Sex Age In shock on skull-fracture other pulmonary 
no. admission vault base fractures complications 
(syst. tension 
� 90 mm Hg ) 
9 M 82 no yes yes clavicle aspiration 
ribfractures 
11 M 76 no yes yes humerus none 
pelvis 
ankle 
14 M 66 yes yes no pelvis ribfractures 
femur pneumothorax 
17 M 40 no no no carpal bone none 
21 M 37 no yes no pelvis none 
tibia 
26 M 57 yes no yes humerus none 
pelvis 
femur 
50 M 81 no no no none aspiration 
60 M 23 no yes yes face none 
pelvis 
added to this group. All patients were unconscious for four days or less. This 
group was called 'slightly brain injured' because of the assumed cerebral damage 
as indicated by the period of unconsciousness and abnormal BEG recordings 
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dicated by synonymous terms like 'moderate head injury' or 'slight cerebral 
contusion' . Patients with a (slight) concussion were not added to this group. 
The individual clinical data of the patients are presented in table 3.4. 
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47 
55 
Clinical data of patients with severe brain injury. 
Sex Age In shock on 
admission 
M 30 yes 
M 28 no 
F 13 no 
M 19 no 
M 41 no 
F 73 no 
M 17 no 
M 1 8  no 
M 30 no 
M 16 no 
M 20 no 
F 14 no 
M 18 yes 
M 63 yes 
M 45 no 
M 13 no 
M 22 no 
M 33 no 






































































lung contusion no 
pre-existing clinical neurosurgical duration of outcome main diagnosis at autopsy 
neurological operation unconsciousness after 6 
diseases diagnosis (in days) months 
none brainstem and no 34 moderate 
cerebral con-
tusion 
none brainstem con- no .:!:. 160 days death no post mortem, cause of 
tusion (akin. mutism) death: status epilepticus 
none brainstem con- no 50 moderate 
tusion 
none cerebral con- no 14 good 
tusion, transient 
herniation 
none cerebral con- no 13 good 
tusion 
diabetes brainstem con- no 59 death no post mortem, cause of 
mell. tusion death: pneumonia 
hypertension 
none cerebral con- no 8 good 
tusion 
none acute subdural craniotomy > 200 akin. mutism 
haematoma 
none cerebral con- elevation 20 good 
tusion depressed 
fracture 




none brainstem con- no 31 moderate 
tusion 




none brainstem and no 55 death focuses of contusion 
cerebral con- secondary white matter 
tusion degeneration 
CARA cerebral con- no 53 death no post mortem, cause of 
tusion death: lung complications 
none brainstem and no 30 moderate 
cerebral con-
tusion 







none brainstem con- no > 200 akin. mutism 
tusion 





none brainstem and no > 100 death no post mortem, cause of 
cerebral con- death: pneumonia 
tusion 
Table 3.4 Clinical data of patients with slight brain injury. 
'Patient Sex Age In shock on skull-fracture other pulmonary 
no admission vault base fractures complications 
on admission 
18 M 17 no no no no no 
22 M 23 no no no face aspiration 
ribfractures 
30 M 17 no yes yes no no 
34 M 16 no yes no patella no 
40 M 18 no yes no no no 
43 F 19 no no yes face no 
45 M 21 no yes no no no 
46 F 55 no no no no no 
48 M 17 yes yes no no no 
64 M 34 no no yes face no 
65 M 16 no no no tibia no 
Patients with an heteroanamnestic history of a previous bleeding tendency were 
excluded from the study. 
In chapter 5, ten patients are studied with a clinical diagnosis of ischaemic 
cerebral infarction which appeared as a 'completed stroke' .  The origin of the 
infarction was either thrombotic or embolic. In chapter 7, three patients with 
a haemorrhagic infarction are added to this group. The anamnestic and 
diagnostic data of these 1 3  patients are presented in table 3 . 5 . 
In chapter 6, 1 3  patients with a subarachnoid haemorrhage (SAH) are studied. 
Table 3 .6  represents anamnestic and diagnostic data. 
The severely and slightly brain injured patients and the surgical patients were 
compared on differences other than the admission criteria. 
The groups were checked on the following items: 
- sex 
- previous medical history 
1 8  
trunk pre-existent clinical duration of outcome 
injury disease neurological unconsciousness 
diagnosis (in days) 
renal con- none cerebral 4 good 
tusion contusion 
blunt none cerebral 2 good 
abdominal contusion 
trau)lla 
no none cerebral 2 good 
contusion 
no none cerebral 6 hours good 
contusion 
scrotal none cerebral 1 hour good 
haematoma contusion 
no epilepsy cerebral 1:! hour good 
(phenobarb. I contusion 
diphantoine) 
no hydrocele cerebral 4 good 
contusion 
no none cerebral good 
contusion 
no none cerebral good 
contusion 
no none cerebral 0 good 
contusion 
no none cerebral 2 good 
contusion 
- previous drugs 
- use of alcohol before admission 
- pulmonary aspiration on admission 
- shock on admission 
- chest injury 
- extent of bruising 
- long bone fractures 
- pelvic (ra,cture 
- trunk injury 
- facial injury 
- skull/base fracture 
No significant differences between the various. groups were observed ,,(p 
> .05; Fisher's exact probability test), with exception of the items facial injury 
and skull/base fracture. Jn the severely brain injured patients significantly more 
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the surgical group. In the severely brain injured group significantly more 
skull/base fractures occurred (p < .05). The ages in the severely and slightly 
brain injured groups and in the surgical group did not differ significantly (p 
> .05, Mann-Whitney test). 
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previous duration of outcome cause of death main diagnosis at autopsy 
drugs unconsciousness 
(in days) 
none 12 hours death haemorrhagic pontine haemorrhage 
infarction 
none 14 moderate 
disability 
a -methyl dopa 2 good 
recovery 
acenocoumarin 10 severe 
a.-methyldopa disability 
myocardial infarction 
a-methyldopa 41 death lung embolism lung embolism 
hydrochloor- arteriosclerotic 
thiazide a. basilaris 
none 8 severe 
disabled 
a-methyldopa 1 5  moderate 
disability 
a-methyldopa 0 good 
papaverine recovery 





glafenine 1 1  d.rath lung embolism ischaemic pontine infarction 
basilar thrombosis 
lung embolism 
a-methyldopa 0 good 
mefruside recovery 
papaverine 
hydrochloor- 8 moderate 
thiazide disability 
Thus there were no major differences between the various groups with 
regard to the admission criteria, but these groups did differ in other aspects. 
The severity of injury obviously implies the appropriate therapy and the 
extent of complications. A few examples may illustrate this. Brain injured 
2 1  
Table 3 .6  Clinical data of patients with subarachnoid haemorrhage (SAH). 
Patient sex Age clinical lumbar angiography pre-existing 
no. neurological CSF diseases 
diagnosis 
7 M 66 SAH grossly no abnormalities hypertension 
bloody 
28 M 56 SAH grossly saccular aneurysm lumbar disc 
bloody a .  comm . ant . protrusion 
3 2  F 46 SAH xanthochromia no abnormalities healthy 
3 6  F 3 0  SAH grossly healthy 
bloody 
3 7  F 1 6  SAH xanthochromia no abnormalities healthy 
4 1  F 27 SAH arteriovenous SAH ( 2x) 
(rebleeding) malformation neurological 
in L thalamic area deficit 
44 M 3 9  SAH xanthochromia migrainous 
headaches 
49 F 55 SAH xanthochromia saccular aneurysm CARA 
a .  car . int . R 
5 8  M 47 SAH grossly aneurysm severe headaches 
(rebleeding) bloody a .  comm. ant . neurological 
defi.cit 
74 H 4 1  SAH grossly healthy 
bloody 
7 5  M 7 1  SAH grossly hypertension 
bloody 
79 F 70 SAH healthy 
84 F 56 SAH grossly myocardial 
bloody · infarction 
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previous duration of outcome cause of main diagnosis at autopsy 
drugs unconsciousness death 
(in days) 
a. -methyldopa 1 5  death rebleeding aneurysm a. cer. med. R with 
intracerebral haematoma 
benzo-diazepine 0 good 
derivative recovery 
none 0 good 
recovery 
none 7 death rebleeding no permission 
none 0 good 
recovery 
none 46 severe 
disability 
unknown 12 hours death SAH no permission 
thiazinamium 2 good 
ephedrine recovery 
promethazine 
none 1 0  good 
recovery 
none 8 hours death SAH aneurysm a. cer. med. R 
with intracerebral haematoma 
none 4 death SAH aneurysm a. comm. ant. 
none 12 hours death SAH aneurysm a. comm. ant. 
epithiazide and 2 days moderate 
triamterene disability 
23 
patients did not receive anticoagulants, while Jthese were given to surgical 
patients as a routine if the patient was more than 18 years old. The surgical 
patients usually received no antibiotics, which were in almost every case given 
to the severely injured brain patients. Corticosteroids were administered to a 
large percentage of the severely brain injured patients and, in general, no 
corticosteroids were given to the surgical and the slightly brain injured patients. 
Lung complications were common in the severely brain injured patients and 
only occasionally occurred in the surgical and the slightly brain injured patients. 
This enumeration is not complete, but it is clear that many differences are 
present between the various groups as a consequence of the division made. 
Nevertheless, it was necessary to verify whether drugs influence fibrin formation, 
fibrinolysis, platelet function and arterial blood gases or not. For that reason, 
a division was made depending on whether patients used a certain drug or not. 
After this division the various parameters of fibrin formation, fibrinolysis and 
ADP-induced platelet aggregation and arterial blood gases were compared on 
significant differences (Mann-Whitney U test) on each of the consecutive days 
of the study (admission, day 1, 2, etc.). The following combinations of medica­
tion were compared : 
- a  amino acid and/or invert glucose infusions vs. glucose or glucose/saline 
infusion or no use ; 
- b penicillin derivatives and/or streptomycin vs. other antibiotics ; 
- c antibiotics vs. no use ; 
- d corticosteroids vs. no use ; 
- e barbiturates vs. phenothiazines and other psychopharmaca ; 
- f benzodiazepines vs. other psychopharmaca ; 
- g barbiturates, phenothiazines, benzodiazepines or other psychopharmaca 
vs. no use ; 
- h blood, plasma or dextran products vs. no use ; 
- i dextran infusions vs. no use ; 
- j blood or plasma transfusions vs. no use ; 
- k mannitol or ureum vs. no use. 
As a routine the PT and PTT were not evaluated if the patient used acenocoumarin. 
This division was applied for the joint group of severely and slightly brain 
injured patients. For the following items a significant difference (p < .05) was 
found more than once : 
item d :  PaC02 on days 2 and 9 ;  
item g :  platelet count on days 1, 3 and 16. 
Froni these data it is concluded that the influence of drugs did not consistently 
affect the parameters of fibrin formation, fibrinolysis, platelet function and 
arterial blood gases. 
In the joint group of severely and slightly brain injured, cerebral infarction 
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and SAH patients a significant difference (p < .05) was found more than once 
for the following items : 
item a :  fibrinogen on admission and on day 1 ,  
FDP on admission, and on days 5 and 23 ; 
item b :  ODmax on days 4 and 5, 
factor VIII on days 2 and 9 ;  
item d :  platelet counts on days 1 and 5, 
PaC02 on days 2 and 4 ;  
item e :  platelet counts o n  days 2 and 1 6, 
PT on days 9 and 23 ; 
item f: FDP on days 5 and 30 ; 
item j : platelet counts on days 3, 4 and 5, 
ODmax on days 2, 3 and 4, 
slope on days 2 and 3 .  
From these data i t  is concluded that the influence of  drugs did not consistently 
affect the various parameters, with exception of the administration of blood or 
plasma transfusion. The latter constituents coincided with a significantly 
decreased platelet count and ADP-induced platelet aggregation in the joint 
group of severely and slightly brain injured, cerebral infarction and SAH 
patients during the first post-ictal days. 
3.2 Clinical coma scale 
The state of consciousness of the patients was assessed by a clinical coma scale 
developed by Teasdale and Jennett (1974). This scale measures the eye opening, 
the motor responsiveness and the verbal response of the patient on verbal 
command and pain stimuli, resp. When the patient does not respond to verbal 
command, a standard pain stimulus is given. Two kinds of stimuli were always 
performed : nail bed pressure and supraorbital pressure. The best response to 
either of the stimuli was recorded. Table 3. 7 represents the rating scale of the 
separate scores. The sum of the separate scores is used as a parameter indicating 
the state of consciousness of the patient. After admission to the hospital the 
Table 3 .7 Clinical coma scale (Teasdale and Jennett, 1974). 
A. Eye opening 
1 = none 
2 = on pain only 
3 = on verbal demand 
4 = spontaneous 
B. Motor response C. Verbal response 
1 = nil 1 = nil 
2 = abnormal extensor 2 = incomprehensible 
spasms 3 = inappropriate 
3 = abnormal flexor spasms 4 = confused conversation 
4 = withdrawal response 5 = oriented fully 
5 = localizing movements 
6 = obeying commands 
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Table 3 . 8  Correlation coefficients of consciousness parameters on consecutive days in the joint group of 
severely and slightly brain injured, cerebral infarction and SAH patients. 
(admission) (day 1) 
eye motor verbal total eye motor verbal total 
opening score response coma opening score response coma 
score score 
**** **** motor score . 809 . 857 
**** **** **** **** verbal response . 851 . 826 . 734 . 81 8  
**** **** **** **** **** **** total coma score . 845 . 980 . 892 . 915  . 954 . 894 
* ** **** **** **** **** OCR . 409 . 588 . 545 . 569 . 855 . 764 . 759 . 820 
**** **** **** **** OVR . 352 . 370 . 509 . 434 . 857 . 859 . 891 . 892 
(n = 13-25) (n = 26-48) 
(day 2) (day 3) 
**** **** motor score . 839 . 667 
**** **** **** **** verbal response . 824 . 860 . 760 . 843 
**** **** **** **** **** **** total coma score . 917 . 940 . 934 . 874 . 902 . 949 
**** **** **** **** **** **** **** **** OCR . 817 . 8 15 . 688 . 8 1 1  . 810 . 726 . 803 . 808 
** *** * * **** **** **** **** OVR . 530 . 626 . 419 . 5 12 . 835 . 731 . 793 . 801 
(n = 19-48) (n = 21-46) 
(day 4) (day 5) 
**** **** motor score . 687 . 585 
**** **** **** **** verbal response . 769 . 824 . 615 . 652 
**** **** **** **** **** **** total coma score . 866 . 890 . 936 . 781 . 739 . 950 
**** *** **** **** * **** **** **** OCR . 697 . 61 8  . 821 . 812 . 467 . 804 . 758 . 769 
**** **** **** **** *** **** **** **** OVR . 831  . 801 . 826 . 830 . 602 . 989 . 718  . 766 
(n = 24-47) (n = 23-39) 
(day 9) 
**** motor score . 544 
**** **** verbal response . 604 . 729 
**** **** **** total coma score . 773 . 772 . 953 
**** **** **** **** OCR . 800 . 759 . 833 . 879 
**** **** ***  ****  OVR . 763 . 778 . 696 . 761 
(n = 23-41) 
Spearman rank's correlation coefficients ; * :  p < .05 ; ** : p < .02 ; *** : p < .01 ; **** p < .001 (two-
tailed). 
Table 3 .8  (continued) 
(day 16) (day 23) 
eye motor verbal total eye motor verbal total 
opening score response coma opening score response coma 
score score 
***  motor score . 455 . 276 
**** **** verbal response . 638  . 780 . 298 . 1 81  
**** **** **** * ****  total coma score . 736 . 820 . 973 - . 341 . 343 . 936 
**** ***  **** * OCR . 346 . 930 . 730 . 844 . 069 . 615  - . 162 - . 044 
* ****  **  ***  OVR . 512 . 774 . 579 . 678 - . 071 - . 071 . 413  . 412 
(n = 19-42) (n = 15-36) 
(day 30) (day 37) 
motor score . 104 . 398 
* verbal response . 395 . 157 . 415  . 064 
**  ****  ** **** total coma score . 488 . 192 . 992 . 652 . 221 . 934 
OCR . 519  . 563 - . 349 - . 268 . 055 - . 052 
****  OVR 1 . 000 . 655 . 421 . 552 . 038 . 014 - . 044 
(n = 9-26) (n = 9-16) 
Spearman rank's correlation coefficients ; * :  p < .05 ; ** : p < .02 ; *** : p < .01 ; **** : p < .001 
(two-tailed). 
patients were examined by this method ;  at least daily during the first week and 
frequently thereafter. The motor responsiveness score and verbal response do 
not unequivocally indicate the state of consciousness of the patient, because in 
certain circumstances abnormal motor responsiveness can be present without 
impaired consciousness. Aphasia or a tracheostomy may interfere with 
the verbal response score as a consciousness parameter. Table 3.8 shows 
the highly significant interrelationships between the separate scores on the 
consecutive days of the study. It is therefore concluded that these factors 
generally do not disturb scoring which indicates the value of the separate 
scores as tools for the assessment of the state of consciousness. Moreover, it 
is concluded that the total sum of the separate scores (the total coma score) 
can be used as a consciousness parameter, giving better differentiation of the 
scale (3 up to 1 5  points) and diminishing the irregularities of the separate 
scores. In addition, the motor responsiveness score is frequently used in this 
study because of better differentiation of the scale (1 up to 6 points) in com­
parison to the eye opening and verbal response score. Further, besides the 
state of consciousness the motor responsiveness score may also indicate the 
anatomical localization of the disturbance (Plum and Posner, 1 972). 
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Two other parameters were used in the assessment of the state of conscious­
ness. These are the oculocephalic reflex (doll's eye phenomenon) and the 
oculovestibular reflex. It is assumed that the response of these reflexes also 
represents the state of consciousness (Plum and Posner, 1972). The scale 
differentiation of these reflexes is presented in table 3.9. The oculovestibular 
response was performed with 40 ml cold tap-water provided that the tympanic 
membrane was intact. If the response was nil (fixed eyes), it was repeated 
with iced water. Table 3.8 indicates the highly significant correlations between 
the eye opening, motor and verbal responsiveness on the one hand and the 
oculocephalic and oculovestibular responses on the other. Thus it is concluded 
that these reflexes are reliable tools as consciousness parameters. 
Table 3.9 Oculocephalic and oculovestibular responses. 
A. oculocephalic reflex 
1 = nil (absent, fixed) 
2 = minimal 
3 = full 
4 = nil (normal) 
B .  oculovestibular reflex 
1 = nil 
2 = dysconjugate 
3 = conjugate (tonic) 
4 = nystagmus (normal) 
3.3 Coagulation and additional studies 
Blood was taken for coagulation studies immediately after admission to the 
hospital, in general 1-6 hours (on average about 2 hours) after the accident. 
Blood was next taken on day 1 (6-24 hours after injury), day 2 (24-48 hours), 
day 3, day 4 and day 5. From then on, starting at day 9, blood was collected 
weekly : on days 16, 23, 30, 37 and 44, while the patient was still in hospital. 
Except on admission and on day 1, blood samples were collected at 9 .00 p.m. 
and concurrently the state of consciousness was assessed by means of the 
clinical coma scale. Blood was smoothly drawn mainly by venipuncture in 
disposable 20 ml syringes and siliconized disposable needles were used. The 
blood was carefully and immediately mixed with 0.1 volume of 3.06 % trisodium 
citrate dihydrate. Platelet-poor plasma (prepared in an Optima BHG 600 
centrifuge at 2000 g for 10 minutes) was used for fibrin formation and fibrino­
lytic studies. 
Fibrin formation: 
- one-stage prothrombin time (PT) - Quick (1966) ; 
- kaolin-activated partial thromboplastin time (PTT) - Proctor and 
Rapaport (1961) ; 
- thrombin time - Vermijlen and Verstraete (1961) ; 
- antithrombin III assay - after Laurell (1966) ; 
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- fibrinogen - LeClerc and Khodabandeh (1953) ; 
- factor V assay - Storm or ken (1957) ; 
- factor VIII assay - Hardisty and MacPherson (1962) ; 
- ethanol gelation test - Godal and Abildgaard (1966) ; 0.15 ml 5 % ethanol was 
added to 0.5 ml platelet-poor plasma and carefully tilted. When gelation 
was positive during the first minute after adding, 0.1 ml 0.1 N NaOH was 
added in order to differentiate aspecific gel formation from a fibrin gel. The 
former will dissolve in a more alkalic environment. 
Fibrinolysis: 
- 24 hours plasma clotlysis - Fontein (1971) ; 
- serum FDP (TRCHII assay) - Merskey et al. (1966). 
Platelet aggregation 
Platelet-rich plasma was prepared in an Optima BHG 600 centrifuge at 250 g 
for 10 min. Platelet aggregation was performed after one hour incubation at 
room temperature using the Born technique (1962). A Vitatron UC 200 
spectrophotometer connected with a Vitatron universal linjlog 300 recorder 
was used. Aggregation was induced by ADP in a final concentration of 0.75 
tLgfml, and the maximum of the optical density loss (ODmax), the corre­
sponding time (tODm) and the rate of optical density change (the initial slope) 
of the aggregation curve were assessed. The optical density loss after 10 min. 
(OD IO) was also measured. 
As a standard laboratory routine haemoglobin, haematocrit and platelet counts 
(Coulter counter) were done. 
Blood gas analysis 
Arterial blood samples were collected as a routine on the consecutive days of 
the study. Blood gas analysis was performed in the long function laboratory 
(head : Dr. R. Peset) by means of a pH micro-electrode unit E 5021 ; P02 
membrane electrode type E 5046 ; PC02 membrane electrode type E 5036 
(Radiometer, Copenhagen). 
Monoaminergic metabolites 
HV A was isolated by a slightly modified combination of the methods of Gerbode 
and Bowers (1968) and Curzon et al. (1970). Protein was precipitated from 
4 ml CSF by adding 1.0 ml of 10 % ZnS04 and 0.6 ml 1 N NaOH. After cen­
trifugation at 1000 g for 10 min. the supernatant was put into a vial along with 
1.0 ml 1 N HCl, 3 g NaCl and 5 ml of washed, NaCl saturated butylacetate. 
After shaking for 15 min. on a multipurpose rotator (Scientific Industries 
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Springfield, Mass.) and centrifuging for 3 min. at 1000 g, the butylacetate 
phase was transferred to a second vial containing 2.5 ml of 0. 5 M phosphate 
buffer pH 8 .5 . After shaking and centrifuging as before two 1 .0  ml portions 
of the aqueous phase were pi petted into test tubes. The fluorophore formation 
was done according to Korf et al. (1971) .  Five-HIAA and probenecid was 
isolated by the slightly modified method of Papeschi and McClure ( 1971).  
CSF (3 ml) was deproteinized with 1 ml of ZnS04 10 % and 0. 5 ml of 0. 5 N 
NaOH and centrifuged at 1000 g for 10 min. The supernatant was put into a 
vial along with 0. 1 ml of 2N HCl and 7 .5 ml of washed butylacetate. After 
shaking and centrifuging, the butylacetate phase was transferred to a second 
vial and then reextracted into 3.0 ml of solution of 0.05 M tris pH 9.3 .  The 
tris extract was divided into two portions of 1 .0 ml and one portion of 0. 5 ml. 
The 1 .0 ml portions were used for 5-HIAA determination (Korf et al. ,  1 969). 
The 0. 5 ml portion was used for the determination of probenecid (Korf and 
Van Praag, 197 1) .  Fluorescence was measured in a Locarte fluorimeter MK4 
(Model LFMS). HVA was measured using a Zn lamp and a LF/1 filter and 
a LF/3 filter in incident and emergent light beams respectively. Five-HIAA 
was measured using a TL-lamp and a LF/1 filter and a LF/6 filter in incident 
and emergent light beams, resp. Recovery for HV A was 80 ± 5 %  (Mean 
± S.D.) for 5-HIAA 65 ± 5 %  and for probenecid 100 ± 5 %. 
Determination of cyclic AMP in platelets 
Blood samples were collected into EDTA ; 0. 1 ml of 2. 5 %  neutral sodium 
EDTA in 0.9 % NaCl-solution/ml blood. The platelet-rich plasma was cen­
trifuged at 2000 g for 30 min. at 4 oc and the platelet pellet was resuspended in 
a tris/EDTA buffer (50 mM tris ; 4 mM EDTA ; pH 7.5). After recentrifugation 
at 2000 g the platelets were resuspended in aqua bidest (0.75 ml/ 10 ml collected 
blood) and stored at -20°C until use. To the lysed platelet suspension 0.75 of 
10 % TCA-solution was added. The precipitate was removed by centrifugation. 
The supernatant was rigorously extracted with four volumes of diethyl-ether 
to extract the TCA. After separation the ether layer was discarded. This 
procedure was repeated five times. Finally the aqueous layer was freeze-dried 
and reconstituted in 0. 5 ml 0.05 M sodium acetate buffer pH 4.0. The con­
centrations of cyclic AMP were estimated by the method of Gilman (1970). 
Control values 
Control values are given in the results of the chapters as mean values ± 2 X 
S.D. unless otherwise indicated. 
Statistical methods 
In the statistical analysis the Fisher's exact probability test, Mann-Whitney U 
test and Spearman rank's coefficients were used. 
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CHAPTER 4 
H A E M O S TA S I S  A N D  B RAIN T RA U M A  
4.1 Introduction 
4.1.1 Haemostasis and injury 
The first observation of blood coagulation changes following trauma comes 
from William Hewson (1772) who described that during blood letting : 'the 
blood taken later . . .  , coagulated in less and less time, till . . .  the blood which 
issued last was coagulated first' (cited by Sevitt, 1966). The acceleration of 
clotting after various types of stress is later repeatedly confirmed by other 
investigators. It may be regarded as one of the many metabolic changes which 
appear in response to injury (Sevitt and Stoner, 1970 ; Kovach et al. ,  1 973) . 
The changes in blood coagulation and fibrinolysis can be summarized as a 
phase of 'hypercoagulability' in the first few hours after injury, followed by a 
phase of 'hypocoagulability' (Innes and Sevitt, 1964). Bergentz and Nilsson 
(1961) studied the effect of bilateral femur fracture on haemostasis in lightly 
anaesthetized dogs, during the first 30 hours post-trauma. After fracturing, a 
prompt decrease of fibrinogen and factors V and VIII levels was observed. 
Administration of heparin prevented the decrease of these factors, indicating 
that an activation of fibrin formation had occurred. In the initial period they 
observed an increased whole blood clotlysis and a shortening of the euglobulin 
clotlysis time. After this period of increased fibrinolytic activity which lasted ap­
prox. eight hours, an inhibition of the fibrinolytic system appeared. At the same 
time the plasma fibrinogen content increased considerably. During the whole 
period a tendency towards progressively decreasing platelet counts was present. 
Innes and Sevitt (1964) studied serial changes in the coagulation and the 
fibrinolytic system in injured patients. The first hours post-trauma were 
dominated by an activation of coagulation as indicated by a shortening of the 
whole blood clotting time, a prolonged PT, an increased prothrombin con­
sumption index, a fall in the prothrombin concentration and low levels of 
factors V and VII. Platelet counts were lowered. Concurrently the fibrinolytic 
activity was increased. Following this period a lengthening of the whole blood 
clotting time developed, combined with a decrease in fibrinolysis. The PT 
often stayed prolonged for one to three weeks. Plasma prothrombin and factor 
VII were reduced, but there was little change in factor V. The platelet count 
continued to fall for one to three days and about a week later a thrombocytosis 
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developed. Plasma fibrinogen increased within 24 hours, reaching a plateau 
maximum a few days later. The levels remained high for prolonged periods in 
the severely injured patients. 
Simmons et al. ( 1969) extensively studied coagulation changes in 240 combat 
casualties. Within two hours after injury signs of activated coagulation were 
present in only a minority of the cases. In combination with low arterial oxygen 
tensions slightly prolonged PT's were present. Patients in shock on admission 
showed prolonged PT and PTT values but normal platelet and fibrinogen 
levels. The fibrinolytic activity was high in most of these patients and was not 
increased by the presence of shock. In the same group of patients coagulation 
tests have been performed after transfusion of stored bank blood in order to 
observe its effects. The blood utilized was more than ten days old. The platelet 
counts fell, regardless of the state of shock on admission, to about 100,000/mm3 
after 6,000 ml transfused blood. If, however, fresh blood was given the cir­
culating platelet counts showed increasing values following transfusion and 
PT and PTT tended to return to normal. Simmons et al. assessed that recipients 
of large quantities of bank blood did not exhibit greater clotting abnormalities 
than already present in the transfused blood. In the early convalescence phase 
coagulation studies were performed also. Prolonged PT or PTT's were 
frequently seen and were much more prolonged than those seen either on ad­
mission or during transfusion. Fibrinogen levels were elevated and platelet 
counts returned to normal in the first week. Fibrinolytic activity decreased to 
normal. Neither in the acute post-traumatic period nor in the later phase 
episodes of haemorrhagic diathesis were observed. Simmons et al. explained 
the coincidence of PT and PTT with thrombocytopenia and fibrinolysis and a 
slight deficiency of fibrinogen in most seriously wounded patients as non-lethal 
episodes of DIC which occur during recovery from severe trauma and shock. 
Borowiecki and Sharp (1969) studied fibrinolytic changes during the early 
and later post-traumatic course in 23 injured patients. The overall fibrinolytic 
activity as measured by the euglobulin lysis time and the fibrin plate technique 
revealed increased levels in the first two hours after injury depending on the 
severity of the trauma. Approx. six hours after injury the increased fibrinolytic 
activity disappeared and normal or subnormal activity was present. In the 
following days, the normal or, especially in the more severely injured patients, 
reduced fibrinolytic activity persisted, although occasionally an increased 
activity was present. Plasma plasminogen levels decreased immediately after 
injury, this being most prominent in case of severe injury. In the latter cases 
these low levels persisted during the late post-traumatic period in contrast with 
patients with mild or moderate injuries in which levels returned rapidly to 
normal. In the severely injured group fibrinogen concentrations were decreased 
in the first six hours after trauma. The following days an increase in plasma 
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fibrinogen levels developed and this rise was not related to the severity of injury. 
PDP were only present in the seriously injured group. Neither normal subjects 
nor slightly or moderately injured patients appeared to have any PDP cir­
culating in the blood. Borowiecki and Sharp could assess an association 
between the amount of blood lost post-trauma and the concomitant presence 
of low fibrinogen concentrations, low plasminogen levels and high PDP 
titres. These results suggest, according to the authors, that the fibrinolytic 
response is a standard pattern of reaction to injury, which might be beneficial 
to the patient. They did not make any reference to DIC. Malleson (1974) re­
ported that even slight injuries like traumatic bruises give rise to consider­
ably elevated PDP titres. 
The blood coagulation changes occurring after various forms of stress are 
generally considered to be induced by enhanced sympathetic activity (Attar 
et al., 1 969 ; Flute 1970). Since the introduction of the 'fight or flight' reaction 
by Cannon (1928), it is generally known that elevated catecholamine­
blood levels are present after stress and this has later been confirmed by others 
(LaBrosse and Cowley, 1973). Cannon and Gray ( 19 14) and Biggs et al. 
( 1947) established that adrenalin shortens the clotting time and induces 
:fibrinolysis. The increased fibrinolytic activity has been demonstrated to be 
due to activation of plasminogen activators. Adrenalin infusion causes a 
systemic plasminogen activator response in man (Cash et al., 1 970). Likewise 
an increase of factor VIII follows upon injection of adrenalin (Ingram, 1961) .  
Uncertainty exists regarding the question whether respiratory disturbances 
and its sequelae may in themselves induce an increased :fibrinolysis. Kurt and 
Genton (1974) created in dogs respiratory acidosis and metabolic acidosis, 
hypoxia and combinations of these and studied the effect upon the fibrinolytic 
activity. They did not observe any change in fibrinolytic activity until in­
travenous injections of adrenalin, isoproteronol or histamine were administered. 
Platelet function following injury is studied in animal experiments, but is 
seldom assessed in man. After trauma, thrombocytopenia is a normal con­
comitant finding (Innes and Sevitt, 1964; Hergt, 1972 ;  Remmele and Loew, 
1 973). Concurrent with a reduction of the platelet count, platelet aggregates 
circulate in the blood and are filtered in the lungs (Ljungqvist et al., 1 971b) .  
These formed aggregates have been explained by an increase in platelet aggre­
gation. An increased platelet aggregation has indeed been found after ex­
perimentally induced trauma ; in most of these experiments, however, the 
observed change in platelet function was transient and short-living (Swank, 
1968 ; Dhall et al., 1 969 ; Ljungqvist and Bergentz, 1 97 1 ; Ljungqvist et al., 
1971a) .  Nevertheless, it is generally assumed from these and other findings that 
platelet aggregation is increased following injury (Remmele and Loew, 1 973). 
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Swank (1968) proposed that the release of serotonin from platelets and from 
other sites was the factor causing the increased platelet aggregability. 
In some other studies of experimental injury like acute haemorrhage or 
scalding shock no increase or even a decrease in platelet adhesiveness and 
aggregation has been reported (Ljungqvist and Bergentz, 1970 ; Loew et al. ,  
1 973). In man, a decrease in platelet aggregability has been reported following 
surgery or fatal multiple trauma (O'Brien et al. ,  197 1 ; Attar et al. ,  1 969). On 
the ground of these observations the nature of platelet function after injury in 
man appears to be uncertain and needs further investigation. 
4.1.2 Haemostasis and brain trauma 
Up to the present, only a few reports have been published about coagulation 
abnormalities after brain trauma. 
Obrzut et al. (1967) performed mechanically craniocerebral injuries in rats 
and studied subsequently changes in blood coagulation using the thrombe­
lastogram during the following 24 hours. Two to four minutes after the 
injury, blood coagulation was inhibited and an increase in fibrinolysis was 
present. Thirty minutes after injury a marked hypercoagulability and con­
siderable inhibition of fibrinolysis was observed. The hypercoagulability 
persisted, but in a lesser degree, for 24 hours. 
Attar et al. ( 1969) published a comparative study of patients with (a) multiple 
trauma without CNS involvement, (b) multiple trauma with craniocerebral 
injury, (c) craniocerebral trauma alone and (d) cervical transection. In this 
study the silicone clotting time was shortened in all groups and was most 
pronounced in patients with craniocerebral injury alone. The PT in fatally 
injured patients was slightly but significantly prolonged compared to the others. 
The PTT was significantly shorter in the group with CNS injury or cervical 
transection than in the other groups with trauma. Patients in shock or with fatal 
outcome showed a lengthening of the PTT. The thrombin time of patients with 
CNS injury or cervical transection was significantly shorter than when multiple 
trauma without CNS involvement was present. Factors V, VII and X and 
factors VIII, IX and XI showed lowered concentrations in all patient groups. 
Fibrinogen levels were initially decreased followed by a sharp and sustained 
elevation. Platelet counts were decreased more prominently in subjects with 
involvement of the CNS than in patients with general trauma. These authors 
also investigated platelet adhesiveness and observed a significant decrease in the 
fatally injured group compared to the surviving group. The euglobulin lysis 
time was initially shortened indicating an increased fibrinolytic activity, without 
differences in the various types of injury. Heated fibrin plates did not show any 
areas of lysis indicating that the increased fibrinolytic activity following trauma 
was due to increased plasminogen activator activity rather than to plasmin 
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actiVIty. They concluded that the lowered platelet count and low clotting 
factor levels are due to consumption in the traumatized tissues for haemostatic 
purposes and they did not connect this with intravascular coagulation. 
Cencora and Gurak (1973) studied the fibrinolytic activity of plasma euglo­
bulins in patients with head injury. In patients with cerebral concussion no 
changes in fibrinolytic activity of plasma euglobulins could be found. In patients 
with anatomical brain damage the increased fibrinolytic activity returned to 
normal when functional normalization of the CNS took place, which was not 
observed in patients who died as a result of brain damage. 
Goodnight et al. ( 1974) presented a prospective study of a series of patients. 
In neurosurgical patients in whom traumatic brain-tissue destruction was 
established by direct inspection, they assessed hypofibrinogenaemia, low levels 
of factors V and VIII, low platelet counts and elevated serum levels of PDP. A 
positive plasma protamine paracoagulation test was found as well. On the 
basis of these data, they came to the diagnosis of defibrination after brain 
trauma. Defibrination was not observed in patients without apparently 
destroyed brain tissue. Druskin and Drijansky (1972) and Keimowitz and 
Annis (1973) separately reported one case of DIC associated with massive 
brain injury. Preston et al. ( 1974) described two cases of DIC after slight 
head injury. Strinchini et al. ( 1974) reported low platelet counts, shortened 
PTT, increased PDP titres and a positive protamine-sulphate test in patients 
with head injury alone, head injury and other trauma, and in multiple trauma 
without head injury. In each of these groups one patient developed generalized 
haemorrhages associated with laboratory data indicative of DIC. Hypo­
fibrinogenaemia was never observed. 
Our findings concerning coagulation changes following brain injury partially 
confirmed the above-mentioned data (Vecht and Smit Sibinga, 1 974 ; Vecht 
et al., 1 975a, 1 975b). In this study they will be presented in more detail. 
4.1.3 Disseminated intravascular coagulation 
Disseminated intravascular coagulation (DIC) is an intriguing subject of 
research. Here only some aspects which are relevant to the present study will 
be discussed. 
The term disseminated intravascular coagulation has several synonyms : 
consumption coagulopathy, defibrination syndrome and Sanarelli-Schwartzman 
phenomenon. Several authors give their own explanation of each of these 
terms, but the terms are usually used synonymously. Only the generalized 
Sanarelli-Schwartzman phenomenon is a well-defined entity in which repeated 
infusions of endotoxin give rise to a specific syndrom of intravascular clotting 
and its consequences (Thomas and Good, 1952). DIC has simply been described 
as a pathological process in which plasma is converted into serum (Wolf, 1 973) 
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or, in other words, as a process in which fibrinogen is converted into fibrin in 
the circulating blood (Van Doorm and Smit Sibinga, 1973). The activation of 
coagulation leading to conversion of fibrinogen into fibrin suggests the presence 
of thrombin in the systemic circulation (Minna et al. ,  1974). According to 
Hardaway (1966), DIC includes the agglutination of platelets and red cells and 
the sticking of granulocytes. 
In this study DIC is defined as a pathological process in which circulating fi­
brinogen is converted into circulating fibrin(Van Doorm and Smit Sibinga, 1973). 
In order to comprehend D IC, it is important to realize that D IC is an intermediary 
mechanism of disease caused by an underlying primary process which activates 
clotting. This activation of the coagulation system producing DIC may be 
explained by three well-known major types of activation of blood clotting 
(Deykin, 1970 ; Minna et al. ,  1 974). 
(a) Activation of the extrinsic clotting system induced by release of tissue­
thromboplastin into the systemic circulation, which is assumed to happen 
following trauma, extensive operations and abruptio placentae, for example. 
Various malignant tumours and leukaemic leukocytes may in that manner 
trigger DIC. 
(b) Activation of the intrinsic clotting system induced by injury to the vessel 
wall. Structural changes of the vessel wall exposing collagen to the flowing 
blood may give rise to activation of factor XII. When platelets contact collagen, 
release of, e.g. , ADP and platelet-factor 3 (pf-3) induces platelet aggregation. 
In addition, pf-3 is required for the interaction of coagulation factors and for 
fibrin formation. Because vascular endothelium is a potent source of tissue­
activator converting plasminogen into plasmin, injured endothelium may 
promote fibrinolytic activity. Activation of factor XII also stimulates the 
fibrinolytic system by initiating the plasminogen-plasmin conversion. All these 
mechanisms may be present in meningococcaemia, endotoxaemia and Gram­
negative septicaemia causing endothelial injury or necrosis. Mechanical trauma 
may be expected to produce endothelial injury also. 
(c) The third theoretical possibility is platelet, red cell or leukocyte injury on 
account of the release of phospholipids (e.g. pf-3). This form of activation is 
assumed to be present in malaria, transfusion of bank blood, mismatched 
blood-transfusions and other haemolytic crises. When thrombin has been 
formed via the intrinsic or extrinsic clotting systems it induces platelet aggrega­
tion. When the phagocytizing capacity of the reticulo-endothelial system (RES) 
is impaired PDP, injured platelets and red cells cannot be cleared sufficiently 
from the systemic circulation. The accumulation of these procoagulant-like 
substances in the blood may act as inducers of coagulation. The impairment 
of the RES function, as in the Sanarelli-Schwartzman phenomenon, is an 
important factor in the triggering of DIC. 
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McKay (1965) and Hardaway (1966) have emphasized the role of DIC in 
shock with stasis and anoxia. In these conditions the acidosis in the capillary 
beds induces an intensive state of hypercoagulability with rapid local consump­
tion of coagulation factors. When the stasis is generalized or lasts long enough, 
a severe consumption of coagulation factors may become present in the systemic 
circulation. Activation of coagulation leading to thrombin formation and 
subsequently fibrin formation may give rise to low levels of coagulation factors 
if consumption of these factors cannot be compensated by their production. 
When these levels are low enough, spontaneous bleeding occurs which is one 
of the characteristics of DIC. On the other hand the active conversion of 
circulating fibrinogen into circulating fibrin may give rise to obstruction of the 
arterial microcirculation. In this way functional insufficiency of many organs 
may be present, alone or in combination with a haemorrhagic diathesis. 
The laboratory diagnosis of DIC is rather difficult. As screening tests the 
thrombin time, PT and PTT separately or in combination are advised as 
detectors of DIC. Low platelet counts are a regular finding in DIC. In 
particular, a low fibrinogen level is very suspicious. The presence of FDP 
titres points to secondary fibrinolysis as a normal reaction to DIC. Nevertheless, 
they do not prove the existence of DIC. Local coagulation processes like deep 
vein thrombosis also show elevated FDP levels. These tests are obviously 
important for the diagnosis of DIC, but cannot give a decisive answer. Because 
DIC was defined as a process in which fibrinogen-fibrin conversion occurs in the 
systemic circulation, the presence of either thrombin or fibrinogen conversion 
products are proof of DIC. However, the detection of these products is a 
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rather complex task since in the presence of DIC fibrinogen is affected by 
thrombin as well as plasmin. The cleavage of fibrinogen by thrombin produces 
other split products than the cleavage of fibrinogen by plasmin, and together 
these products may form circulating complexes. 
The molecule fibrinogen is cleaved by thrombin producing a fibrin monomer 
and two fibrinopeptides A and B. The fibrin monomers rapidly form soluble 
polymers which precipitate out of plasma producing insoluble fibrin. Addition­
ally fibrin monomers can form soluble complexes with fibrinogen in the cir­
culating blood. 
Plasmin formation can be induced by plasminogen activation. Plasmin 
cleaves fibrinogen as well as fibrin. When plasmin cleaves a series of minor 
peptides from fibrinogen, a relatively large fibrinogen derivative remains : 
fragment X, which is clottable by thrombin (fig. 4. 1) .  Fragment X is then 
cleaved by plasmin, forming fragment Y and a small fragment D. Fragment Y 
is further divided into a second fragment D and a single fragment E peptide. 
Thus, the unclottable split products of fibrinogen are two fragments D, frag­
ment E and some waste products. Both of the early fragments X and Y are 
slowly clottable by thrombin and act as competitive inhibitors of the thrombin­
induced fibrinogen-fibrin conversion. Further, fragments X and Y form un­
clottable complexes with fibrin monomers, blocking the formation of a fibrin 
gel (Deykin, 1 970). 
Fig. 4.2 Fibrin monomer complexes after Deykin (1970). 
FIBRIN MONOMER + FIBRIN MONOMER 
FIBRIN MONOMER + FIBRINOGEN 
= FIBRIN GEL 
SFMC (clottable) 
FIBRIN MONOMER + FRAGMENTS X AND Y = SFMC (unclottable) 
Thus fibrin monomers can form complexes with several products (fig. 4.2) : 
(a) Fibrin monomer with other fibrin monomers forming a fibrin gel. (b) A 
complex of fibrin monomer with fibrinogen resulting in a soluble complex 
clottable by thrombin. (c) A complex of fibrin monomer with fragment X or Y 
forming an unclottable complex. 
The fibrin monomer/fibrinogen (b) and fibrin monomer/fragment X/fragment 
Y (c) are termed 'soluble fibrin monomer complexes' (SFMC). When SFMC 
are exposed in the test tube to protamine sulphate or ethanol for instance, the 
fibrin monomer is discharged from the complexes, giving a rapid polymerization 
of the fibrin monomers. The resultant opacification of the solution can then be 
observed. Since the presence of fibrin monomers and their gelation in the test 
tube is the result of thrombin action in the circulating blood, the positivity of 
the ethanol gelation test and the protamine paracoagulation test proves DIC. 
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4.1.4 Post-traumatic fat embolism 
Fat embolism has occasionally been reported after, e.g., burns, pancreatitis, 
osteomyelitis, anaesthesia, blood and intralipid transfusions. It generally 
occurs as a relatively rare complication of trauma, in particular in relation with 
fractures of the lower limbs. Post-traumatic fat embolism is a clinical syndrome 
in which after a silent interval of 12-36 hours after injury, cerebral symptoms 
like restlessness, disorientation and impaired consciousness appear. Besides 
these, hyperventilation, tachycardia, pyrexia and the characteristic petechiae 
on the chest-wall develop. The syndrome can be divided into two forms : (a) 
the pulmonary and (b) the systemic fat embolism. The former is regarded to 
occur when fat emboli are present in the micro-circulation of the lungs, inducing 
a low arterial oxygen tension (Pa02) and symptoms of respiratory distress. The 
chest X-ray shows the classical 'snowstorm' picture. Systemic fat embolism 
appears when fat emboli have passed or shunted through the lungs into the 
systemic circulation. On clinical grounds it is considered to be present when 
cerebral symptoms are dominant. Apart from these, renal insufficiency may 
develop, which is characterized by oliguria, tubular casts and increased serum 
creatinin (Kaulbach, 1 963). 
Fat embolism is, like DIC, a controversial subject ; about its aetiology and 
diagnosis various opinions are held. Peltier once said that 'the literature on 
this subject is much like the Bible. You can quote it to demonstrate support 
for any hypothesis that you wish to defend' (Peltier discussing Adkins and Foster, 
1 962). Incidence, diagnosis and therapy of the fat embolism syndrome are 
beyond the scope of this study, which will be restricted to the pathophysiology 
and some of the clinical aspects of the fat embolism syndrome. 
The aetiology of fat embolism 
Several proposals have been made concerning the source of the embolic fat. 
1 .  The most popular view is that the bone marrow is the original source of 
the embolic fat. During long bone surgery, one may see fat globules floating 
on the surface of the surgical extravasate. This indicates that fat-cell membranes 
have been disrupted. Local venules also become lacerated after bone fracture. 
One can imagine that in this way fat globules may reach the systemic circulation 
via the venous system (Peltier, 1956a), in particular when the local extravascular 
pressure exceeds the intravascular pressure (Young and Griffith, 1950). Meek 
et al. ( 1972) determined the presence of fat globules in the femoral vein following 
femoral fracture in man, but in their series no clinical signs of fat embolism were 
present. The absence of fat globuli in samples of the radial artery may suggest 
the filtering of these fat globuli in the lungs. Bone marrow particles 
have been demonstrated in pulmonary vessels, supporting the hypothesis 
that fractured bone may indeed be the origin of embolic fat (Gauss, 
39 
1924 ; Sevitt, 1962). The detection of fat globules in lung preparations at 
autopsy has given rise to many misunderstandings and to the faulty assump­
tion that in all these cases the clinical syndrome of fat embolism was pres­
ent and possibly caused death. Histologically fat embolism appears after 
almost every fracture, and fat emboli can be demonstrated in the lungs of 
7 5-90 % of patients with a fractured bone at the time of death (Palmovic and 
McCarroll, 1961 ; Sevitt, 1966). Therefore, a clear distinction must be made 
between the histopathological findings and the far less common clinical syn­
drome of fat embolism (Szabo, 1970). 
2. Lehman and Moore (1927) and LeQuire et al. (1959) showed evidence 
for a plasmatic origin of fat globules in the lungs. Fat emboli containing 
needle-shaped crystals said to be cholesterol were found in the pulmonary 
vessels (LeQuire et al. ,  1959). This argues against a bone marrow origin 
because bone marrow contains a small amount of cholesterol in contrast with 
the much higher plasma cholesterol levels. However, Ellis and Watson (1969) 
repeated this experiment but could not confirm these findings using the same 
method. Gurd (1970) assessed that, among other things, fat globules with a 
diameter of 8-40 f.L, were essential for the diagnosis of fat embolism. However, 
observations of fat globules in the plasma of normal individuals contest the 
value of the demonstration of fat globules as a diagnostic criterion of fat 
embolism (Tedeschi et al. ,  1968 ; Nolte et al. , 1974). 
3. Lipaemia is a common finding post-trauma and is recognized after 
haemorrhage (Boggs and Morris, 1909), burns (Harvengt, 1961) and injury 
(Wadstrom, 1959) . Enhanced catecholamine secretion - adrenalin as well as 
noradrenalin - probably contributes to this metabolic response and mobilizes 
depot fat (Carlson et al. , 1965 ; Havel and Goldfien, 1958). The levels of serum 
triglycerides, cholesterol, phospholipids and free fatty acids (FFA) are raised 
and there is evidence of increased lipase activity with lipolysis. 
The most favoured theory about the pathophysiology of fat embolism is the 
mechanical one. Fat emboli reach the pulmonary circulation obstructing the 
capillaries and venules. Because of the large functional reserves and the enor­
mous capillary bed within the lungs, pulmonary fat embolism is regarded 
predominantly as a sub-clinical entity (Sevitt, 1962). There are confirmatory 
findings that the lungs are effective filters, which prevent fat emboli from 
reaching the general circulation (Paredes et al. ,  1965 ; Soloway and Robinson, 
1972). On the other hand, a patent foramen ovale, abnormal arteriovenous 
pulmonary shunts and pulmonary vasodilatation could explain the passage of 
emboli from the pulmonary to the systemic circulation (Arbus et al . ,  1973). It 
is assumed in this theory that once the emboli reach the brain and the kidneys 
the clinical symptoms of obstruction of the systemic microcirculation appear. 
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In his biochemical theory, Peltier (1956b) stated that fat embolism is a 
pulmonary disease. In lung tissue pulmonary lipases are present in compara­
tively high concentrations. Neutral triglycerides present in fat emboli are 
hydrolyzed into FF A by the action of lipases in the lung. The formed FF A are 
noxious and may give rise to a chemical inflammatory reaction leading to 
congestion, oedema and intra-alveolar haemorrhage. After FF A infusions 
(oleic acid), Parker et al. (1974) observed in the lungs large amounts of oede­
matous fluid in the alveoli, marked interstitial oedema, patchy areas of 
haemorrhage and marked clumping of erythrocytes. Jefferson and Neckeles 
(1948), also using the canine oleic acid model, established already in earlier 
work the destructive changes in the lung produced by fatty acids. Histologically, 
in autopsy cases of fat embolism, the capillary bed is indeed congested with 
intra-alveolar haemorrhages and oedema alternating with zones of emphysema 
(Sevitt, 1 962). The injured lung tissue may give rise to changes in the ventila­
tion-perfusion ratio or pulmonary oedema leading to diffusion disturbances and 
shunting. Any or all of these mechanisms may contribute to the manifest 
arterial hypoxia found in pulmonary fat embolism (Peltier, 1967). 
The third pathophysiological hypothesis concerns the role of DIC in fat 
embolism. Bergentz (1961) experimentally showed fat droplet formation in the 
blood and fat emboli in the lungs following intravenous injection of thrombo­
plastic substances. Adkins and Foster (1 962) produced experimental fat 
embolism by intravenous infusion of thrombin. Heparin usually prevented 
this type of fat embolism. Hyperlipaemic animals seem to be more susceptible 
to thrombin-induced fat embolism. On these grounds they assumed that blood 
coagulation processes were closely related to the emulsion stability of the 
circulating blood lipids. 
In 1968, Bergentz proposed that fat emboli generally have no pathophysio­
logical significance. DIC and rheologic changes, on the other hand, seem to be 
dominant after severe injury and may be the prime determinants of the clinical 
syndrome of fat embolism. Allardyce and Groves (1969) induced in rabbits the 
generalized Schwartzman phenomenon by repeated injections of endotoxin. 
They observed severe lipaemia which produced histologically fat embolism in 
vascular beds with a severely impaired blood flow. Interesting observations 
were done by Saldeen (1969) who used radio-iodine-labelled fibrinogen. He 
found that the radioactivity in the lungs rapidly increased after fracture of leg 
bones, or after injection of homogenized adipose tissue in rats. The increase 
was transient, possibly due to local fibrinolysis. Saldeen (1970a) assessed that 
heparin as well as streptokinase-activated human plasminogen prevented 
morphological changes in the lungs in connection with pulmonary fat embolism 
after injection of homogenized adipose tissue. 
Following the intravenous injection of triolein, a triglyceride and the main 
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constituent of bone marrow fat, Soloway and Robinson (1972) experimentally 
observed fat emboli in the lungs of animals, but they did not observe either 
laboratory or histological evidence of DIC. They suggested that the homo­
genization process of human fat tissue as employed by other investigators, 
liberates thromboplastic material. Therefore, it is conceivable that the intra­
venous injection of homogenized fat tissue activates the coagulation mechanism 
which may lead to DIC. Jacobs et al. (1 973) found after injection of triolein 
no sign of DIC, and histologically fat emboli in the lung were also absent. 
Following multiple fractures of the legs in dogs, leukocytic infiltration, intra­
vascular fibrin and embolic fat were present in the lungs (Jacobs et al. ,  1 973). 
A study on fat embolism and signs of intravascular coagulation in post­
traumatic autopsy material (Saldeen, 1970b) revealed that in patients deceased 
within 24 hours after injury, the largest amounts of fat had appeared in the 
lung capillaries . In cases of later death, smaller amounts of fat were seen. 
Fibrin was observed more frequently in pulmonary vessels of patients who 
probably died of fat embolism than in other post-traumatic casualties. The 
same group of investigators (Lindquist et al. ,  1972) reported micro-emboli in 
pulmonary vessels in post-traumatic autopsy material of patients with pro­
gressive pulmonary insufficiency. In this patient material no reference was 
made to fat embolism. Bunce and others (1973) studied patients with acute 
respiratory failure secondary to trauma. From the occurrence of micro-angio­
pathic haemolysis and secondary fibrinolysis they concluded the presence of 
DIC, which was regarded to be mainly responsible for the acute respiratory 
distress syndrome. 
4.1.5 Arterial hypoxia 
As stated before, arterial hypoxia* is an important finding in fat embolism and 
about its origin and clinical significance several explanations have been 
proposed. Sevitt (1962 and 1966) considered arterial hypoxia to be the con­
sequence of systemic fat embolism, in which cerebral symptoms produce 
neurogenic pulmonary oedema and consequently arterial hypoxia. In his 
opinion the clinical syndrome of systemic fat embolism is the result of fat 
emboli obstructing the systemic circulation, in particular of the brain. Peltier 
(1 967) believes that fat embolism is essentially a pulmonary disease. He in­
troduced the concept of fat emboli consisting of neutral triglycerides hydrolyzed 
into irritating FF A, which damage lung tissue. This results finally in arterial 
hypoxia which is responsible for the clinical symptoms including the cerebral 
ones. In his view the correcting influences of assisted ventilation and oxygen 
* Arterial hypoxia means a low Pa02 ; if the Pa02 is considerably decreased, this affects the 
arterial oxygen saturation (SaOz) and produces arterial hypoxaemia ; hypoxia in itself means 
O z shortage in the tissues. 
42 
therapy upon both the arterial hypoxia and clinical symptoms are decisive 
arguments. Bergentz (1968) also stated that arterial hypoxia is likely to be the 
main cause of the cerebral symptoms. He considers the following combination 
of factors to be causative of the respiratory disorders : (a) changes in the 
coagulation mechanism (white micro-emboli, inhibition of fibrinolysis) ; (b) 
changes in rheology and microcirculation (venular stasis produced by red cell 
aggregates, increasing viscosity of the blood) ; (c) changes in lipid metabolism 
(high levels of neutral triglycerides, phospholipids, cholesterol and FF A ;  the 
latter would be responsible for the already mentioned irritative effects on 
alveolar membranes) . 
In the past years arterial hypoxia was frequently observed in association with 
long bone fractures alone, and in the absence of fat embolism (Collins et al. ,  
1 968; Cole, 1 972). Bradford et al. (1970) and McCarthy et al. (1973) regarded 
the early post-traumatic arterial hypoxia as a form of (sub )clinical fat embolism. 
Table 4. 1 shows, however, that the Pa02 on admission of the patients with 
Table 4. 1 Mean arterial oxygen tensions (Pa02 in mm Hg) following injury. 
Sproule et al. (1964) 
Wertzberger and Peltier (1968) 
Burgher et al. (1974) 
Murray and Racz (1974) 
Collins et al. (1968) 
Cole (1972) 
Sevitt (1974) 
Sinha et al. (1973) 
Campan et al. (1973) 
King et al. (197 4) 
Moss et al. (1974a) 
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long bone fractures is decreased less deeply than in the fat embolism group. 
The frequent presence of a low Pa02 after fractures and the low incidence (at 
most 6 %) of clinical fat embolism after severe trauma makes it improbable 
that a low Pa02 in itself points to the clinical syndrome of fat embolism. 
Nevertheless, the presence of a low post-traumatic Pa02 might reveal something 
of the aetiologic mysteries of fat embolism. But unfortunately the various 
pathological explanations given for arterial hypoxia after injury are virtually 
the same as for pulmonary fat embolism. Possibly, the observation of a low 
P a02 without clinical symptoms (Editorial, Lancet, 1974) solves the apparent 
paradox between the high frequency of histological lung embolism and the 
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low frequency of early respiratory symptoms in patients with fractures. 
A new light is shed upon this problem by recent descriptions of low arterial 
hypoxia after head injury without other trauma (table 4. 1) .  Sinha et al. (1973) 
and King et al. (1974) assessed the presence of arterial hypoxia together with 
respiratory alkalosis after head trauma. Campan et al. ( 1973) described a 
syndrome of hyperventilation associated with hypoxaemia. This syndrome 
appeared in association with impaired consciousness after severe head injury. 
In the early post-trauma phase these findings were underlined by the absence 
of bronchopulmonary complications as indicated by absence of clinical or 
radiological signs. Moreover, they showed that hyperventilation was not due 
to hypoxic drive. Sugimoto et al. (1974) studied respiratory and haemodynamic 
changes following head injury. They found a lower Pa02 as the head trauma 
was more severe. The alveolar-arterial P02 difference (AaP02) increased and 
correlated with pulmonary shunt flow. Moss and others (1974a) assessed 
similar data. After head injury a normal alveolar oxygen tension was present 
with severe arterial hypoxia, producing an abnormally high AaP02 •  Pulmonary 
diffusing capacity for CO was moderately diminished and venous admixture 
was increased. From these findings it was concluded that the arterial hypoxia 
and the increased AaP02 were mainly caused through increased physiologic 
and anatomic shunting. The chemical regulation of ventilation in response to 
oxygen and C02 remained present. Which are the underlying conditions 
leading to these changes in pulmonary function after head injury? 
After severe head trauma increased intracranial pressure is generally accepted 
to occur. A rise in intracranial pressure is followed by a rise in the systemic 
arterial pressure, which mechanism is recognized as the Cushing response. 
Cushing ( 1901) showed that the blood pressure did not rise if the cervical 
spinal cord was sectioned. More recently it was demonstrated that as intra­
cranial pressure increases, a sequence of events is triggered, consisting of 
systemic arteriolar and venous vasocontriction� transient bradycardia and a 
positive myocardial inotropic response (Ducker et al. ,  1 968a, b). Berman et al. 
( 1969) showed in dogs that an increase in intracranial pressure rapidly leads to 
a low P a02, not necessarily with microscopical or macroscopical signs of 
pulmonary oedema. They explained the arterial hypoxia by an alpha-adrenergic 
response causing a passive or active opening of pulmonary shunts. They showed 
that hypoxaemia, like the Cushing response, could be prevented by cervical 
chordotomy and by alpha-adrenergic blockade with phenoxybenzamine. 
Moss et al. ( 1974b) observed in anaesthetized dogs during an increase in 
intracranial pressure, elevated systemic and right ventricular pressures, in­
creased cardiac output, arterial hypoxia, increased AaP02 and increased total 
and alveolar ventilation. According to them, these results were consistent with 
the hypothesis that increased intracranial pressure, causing massive sympathetic 
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outflow, which alters pulmonary haemodynamics, produces increased pul­
monary shunting. Following severe head injury in man an increase in intra­
cranial pressure could be produced by an artificial rise in PaC02 (Turney et al. ,  
1973). The increase in intracranial pressure was associated with an increase in 
systemic arterial pressure, pulmonary artery and pulmonary artery wedge 
pressures and a concomitant rise in urinary catecholamine excretion. These 
Fig. 4.3 Coagulation tests (PT, PTT, thrombin time and antithrombin III) during post­
traumatic course in surgical patients. Marks represent mean values (± SEM) of 4-9 obser­
vations. Shaded areas represent normal range. 
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Fig. 4.4 Coagulation tests (fibrinogen, factors V and VIII and FDP) during post-traumatic 
course in surgical patients. Marks represent mean values (± SEM) of 6-10 observations. 
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effects were absent in a patient with spinal cord transection. This suggests that 
in patients with an intact spinal cord elevations in intracranial pressure initiate 
a pressor response which is mediated by the sympathetic nervous system. 
It seems relevant to mention the possible role of the so-called 'neuro-epithelial 
bodies' in this context. Lauwerij ns et al. ( 1973, 1974) discovered recently 
throughout the intrapulmonary airways intramucosal corpuscles which were 
called neuro-epithelial bodies because of their innervating properties of 
epithelial cellular organs. Lauwerijns and Cokelaere (1973) observed electron­
microscopically various types of morphologically afferent-like and efferent-like 
nerve endings making contact with the neuro-epithelial cells. Within the neuro­
epithelial bodies they identified intracytoplasmatic dense-cored vesicles con­
taining serotonin. In response to hypoxia these dense-cored vesicles secreted 
their serotonin probably into the pulmonary veins. This explains possibly, 
among other things, the morphological mechanism of hypoxia-induced pul­
monary vasoconstriction. The neuro-epithelial bodies contain also intracellular 
acetylcholine-esterase and probably amines and peptide substances. These 
authors proposed that the neuro-epithelial bodies have various local secretory 
properties modulating vasomotor and bronchial functions under the influence 
of the CNS. Although many additional investigations will be needed to further 
elucidate these influences, it is tempting to point out their possible role in the 
aetiology of arterial hypoxia after injury. It is conceivable that the excretion 
of serotonin produces platelet aggregates obstructing the capillary lung bed, 
producing arterial and venous constriction causing stasis, congestion and sub­
sequently pulmonary oedema. All these findings have been observed in relation 
with arterial hypoxia and fat embolism. 
4.2 Results 
4.2.1 Surgical patients 
4.2.1.1 Fibrin/ormation andfibrinolysis. Fig. 4.3 represents data of the surgical 
patients. On admission the PT was normal and the PTT showed a borderline­
high lengthening. The PT and PTT were not evaluated during the post-traumatic 
course because most patients in this group received a coumarin derivative 
(Sintrom). The thrombin time was within normal ranges with a slight tendency 
Table 4.2 Ethanol gelation test in surgical patients.1 
days post-trauma 
number of tests 












Table 4.3 Plasma clotlysis in surgical patients. 
days post-trauma 
number of tests 

























towards lengthening on admission. Antithrombin III levels were normal. 
Fibrinogen levels were normal on admission and increased subsequently (fig. 
4.4). Factor V levels stayed within the normal range and factor VIII levels 
showed a tendency to increase in the first days post-trauma. The ethanol 
gelation test studied on admission and on day 1 was invariably negative (table 
4.2). The plasma clotlysis was negative without exception (table 4.3) ; and FDP 
titres could be demonstrated in the circulating blood, but did not exceed a 
concentration of 10  [.Lgjml. 
Neither a spontaneous bleeding tendency nor renal insufficiency was observed 
in these surgical patients. 
4.2.1.2 Platelet function. Platelet counts were borderline-low on admission 
and during the first four post-traumatic days, whereupon platelet counts 
started to increase (fig. 4. 5). The ODmax of the ADP-induced aggregation 
curve was normal on admission. From day 1 up to day 5 the ODmax was 
slightly decreased and then returned to normal. Disaggregation was generally 
present as is indicated by the discrepancy between the curve of ODmax and 
OD l O. The initial slope showed a pattern similar to the ODmax (fig. 4. 5). 
4.2.2 Brain injured patients 
4.2.2.1 Fibrin formation and fibrinolysis. The individual coagulation recordings 
in the fatally brain injured patients are presented in table 4.4. These data will 
be discussed in relation with those of the other brain injured patients. 
The PT showed a slight lengthening on admission in the fatally and severely 
brain injured patients (fig. 4.6). On day 1 the PT of the fatally injured patients 
increased further and decreased to normal in the severely brain injured patients. 
From day 2 on the PT of the latter group remained within the normal range. 
The PT of the slightly brain injured patients showed no abnormalities during 
the post-traumatic course. 
The PTT (fig. 4. 7) of the fatally brain injured patients remained within the 
normal range on admission and was shortened on day 1 .  The severely brain 
injured patients showed a shortened PTT on admission with a significant 
lengthening on days 1 ,  2 and 3 compared to the admission data (p < .01 ; 
p < .02 and p < .02, resp.). From day 4 on the PTT remained normal. The 
PTT of the slightly brain injured patients showed no evident abnormalities 
during the post-traumatic course. 
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Fig. 4.5 Platelet counts and platelet aggregation parameters (ODmax, ODlO and initial slope) 
during post-traumatic course in surgical patients. Marks represent mean values (± SEM) of 
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The thrombin time (fig. 4.8) of the fatally injured group demonstrated 
moderately lengthened values on admission and on day 1. The severely brain 
injured patients showed a slight lengthening on admission which spontaneously 
returned to normal on day 1. In the slightly brain injured patients a normal 




Table 4.4 Coagulation data of fatally brain injured patients. 
Patient no 9 1 1  14 17 21 26 50 60 
hours after injury 1 -6 6-24 1 -6 6-24 1-6 6-24 1-6 6-24 1-6 6-24 1 -6 6-24 1-6 6-24 1-6 6-24 
PT 15 . 1  14.4 1 1 .2 1 1 .2 14.4 14.8 1 1 .7 14.6 13 . 5 
(10.7-12.3 sec.) 
PTT < 30 <30 44.8 34.2 < 30 < 30 76.9 40.0 41 . 5  59.1 
(38.5-49 .3  sec.) 
thrombin time 10.8 9.8 14.4 15.4 14.3 1 1 .9 16 .5 9 .9 
(19 .0-10.0 sec.) 
fibrinogen 13 1  270 191 375 240 128 1 84 296 146 281 
(190-424 mg %) 
factor V 62 30 28 46 
antithrombin III 57 86 67 62 90 
(70-120 %) 
ethanol gelation test neg. neg. neg. neg. neg. neg. 
(negative) 
320 20 40 1 60 1 60 40 20 160 40 
(.Lg/ml) 
plasma clotlysis neg. neg. neg. neg. neg. neg. pos. pos. neg. 
(negative) 
platelet count 88 163 244 120 148 259 94 94 1 10 
(125-277· 103/mm3) 
OD max 6 25 1 1  44 25 29 21 
(139.3-5 1 .5 %) 
OD 10 2 23 7 20 17 20 21 
slope 65 24 57 6 1 5  1 7  30 
(7.4-13 .3 °) 
Fig. 4.6 PT during post-traumatic course in brain injured patients. Marks represent mean 
values ( ±  SEM) of 4-17 observations . .A = fatally brain injured patients ; e = severely brain 
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Fig. 4. 7 PTT during post-traumatic course in brain injured patients. Marks represent mean 
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Fig. 4.8 Thrombin time during post-traumatic course in brain injured patients. Marks 
represent mean values ( ±  SEM) of 3-16 observations. (See further legends fig. 4.6.) 
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Fig. 4.9 Antithrombin III levels during post-traumatic course in brain injured patients. 
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Fig. 4.9 shows the antithrombin III levels during the post-traumatic course. 
In the fatally brain injured group (3 patients) borderline-low levels were present 
on admission ; on day 1 (2 patients) these levels were slightly increased. The 
severely injured patients demonstrated a steadily increasing level without 
exceeding the normal limits. The antithrombin III levels of slightly brain 
injured patients remained within the normal range. 
The fibrinogen levels (fig. 4.10) were normal on admission in the three patient 
groups. The fatally injured group showed on average subnormal concentrations 
on day 1. Both the severely and the slightly injured patients showed increasing 
concentrations during the first post-traumatic days. Up to the sixth week 
fibrinogen levels remained elevated in the severely brain injured group. 
Factor V levels (fig. 4.11) were moderately decreased in all patient groups on 
admission. The fatally injured group showed further decreasing factor V levels 
on day 1. The severely and slightly injured patients demonstrated rising factor 
V levels during the first days. Later these levels stayed within the normal 
range. 
Factor VIII levels (fig. 4.12) showed no evident abnormalities during the 
first post-traumatic days, and a tendency towards above-normal values after 
the first week. However, the SEM was rather large in this group. This is 
possibly due to the relatively small number of factor VIII assays performed. 
Fig. 4.10 Fibrinogen concentrations during post-traumatic course in brain injured patients. 









Fig. 4. 1 1  Factor V levels during post-traumatic course in brain injured patients. Marks 
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Fig. 4.12 Factor VIII levels during post-traumatic course in brain injured patients. Marks 
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Table 4.5 Ethanol gelation test in brain injured patients.1 
days post-trauma 
severe brain injuries number of tests 
number of positive results 
slight brain injuries number of tests 
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Table 4.5 shows that the ethanol gelation test was negative without any 
exception in the patient groups during the post-traumatic course. 
The plasma clotlysis was positive in three out of nine severely injured patients 
on admission and in one out of 14 on day 1 (table 4.6) . Subsequently 
the clotlysis was invariably negative as in the slightly brain injured group 
(table 4.6). 
FDP titres (fig. 4.13) were considerably increased on admission in the fatally 
injured group (average of five patients) and increased further on day 1 (three 
patients) . The severely brain injured group demonstrated a considerable rise of 
FDP levels on admission, after which the titres returned to normal. The FDP 
levels of the slightly brain injured patients did not exceed the normal range 
(1 0 fLgfml). 
4.2.2.2 Platelet function. Platelet counts (fig. 4.14) were normal on admission 
in the groups studied. On day 1 the fatally injured group (four patients) showed 
borderline-low counts. During the first five days borderline-low counts were also 
present in the two other groups. After this period the counts started to increase 
and remained slightly elevated up to the sixth week post-trauma. 
The ODmax of the ADP-induced platelet aggregation curve (fig. 4.15) of the 
fatally injured group (five patients) was considerably decreased on admission. 
The severely as well as the slightly injured patients showed a borderline-low 
decreased ODmax on admission. On day 1 the ODmax decreased further in 
all patient groups, reaching a minimum on day 2 in the severely brain injured 
patients. The ODmax of these patients returned to normal around day 9, but 
Table 4.6 Plasma clotlysis in brain injured patients. 
days post-trauma Adm. 1 2 3 4 5 9 1 6  
severe brain injuries number o f  tests 6 13  13  14 1 6  12  1 5  1 5  
number o f  positive results 3 1 0 0 0 0 0 0 
slight brain injuries number of tests 5 1 1  10  9 6 8 3 3 
number of positive results 0 0 0 0 0 0 0 0 
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Fig. 4. 13  PDP titres during post-traumatic course in brain injured p atients. Pathological 
PDP titres are present if > 10.0 [Lg/ml. Marks represent mean values (± SEM) of 4-13  
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Fig. 4.14 Platelet counts during post-traumatic course in brain injured patients . Marks 
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Fig. 4. 1 5  ODmax during post-traumatic course in brain injured patients. Marks represent 
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Fig. 4.1 6  Initial slope during post-traumatic course in brain injured patients. Marks represent 
mean values (± SEM) of 2-17 observations. (See further legends fig. 4.6.) 
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Table 4.7 ODmax in % of ADP-induced platelet aggregation in the various groups. 
fatally severely slightly 
injured injured injured surgical 
admission 26.3 ± 6.8 38.0 ± 5.0 35.2 ± 2.9 46.3 ± 5.2 
(4) (6) (5) (3) 
** day 1 17.5 ± 1 1 .5 23.9 ± 2.8 30.9 ± 2.6 36.3 ± 2.3 
(2) (10) (10) (6) 
*** day 2 15 .3  ± 2.0 32.2 ± 3 .0 36.6 ± 2.0 
(10) (6) (7) 
** day 3 24.7 ± 3.5 35.0 ± 5.1 39.8 ± 2.9 
(12) (6) (7) 
** 
day 4 24.9 ± 1 .4 39.0 ± 5.7 37.8 ± 3 . 1  
(12) (3) (8) 
** day 5 27. 1 ± 3 . 1  3 1 .7 ± 3 .6  38 . 8  ± 2.3 
(10) (7) (10) 
** 
day 9 36.6 ± 2.9 41 .2 ± 3.9 5 1 . 1  ± 3 .0 
(17) (8) (9) 
* day 16  37.7 ± 4 . 1  47.3 ± 9.3 55.3 ± 4.3 
(17) (3) (7) 
X: ± SEM, with number of patients in parentheses. Asterisk (*) : significantly different from 
corresponding surgical patients (* : p < .05 ; ** : p < .02 ;  *** : p < .01). Mark ( •) : significantly 
different from corresponding slightly brain injured patients (• • : p < .02 ; • • • : p < .01, two­
tailed Mann-Whitney test). 
during the whole post-traumatic period, up to the sixth week, the ODmax 
remained just below normal. The slightly brain injured patients also showed a 
return to normal on day 9. The initial slope of the ADP-induced platelet 
aggregation curve showed a similar pattern (fig. 4. 16).  
Table 4. 7 compares ODmax values of the severely and slightly brain injured 
patients and the surgical patients on the consecutive days of the study. On days 
1 ,  2, 3, 4, 5, 9 and 1 6, successively, the severely brain injured patients showed a 
significantly decreased ODmax compared to the surgical patients. The slope 
showed only on day 2 a significant difference between these two groups (p 
< .01) .  On days 2 and 4 the severely injured patients showed a significantly 
decreased ODmax compared to the slightly brain injured patients. 
Disaggregation phenomena as manifested by a discrepancy between ODmax 
and OD10  were present in all patient groups (table 4. 8) .  No significant differen­
ces were present between the various injured groups with respect to the degree 
of disaggregation. 
4.2.2.3 Effect of long bone fractures and blood transfusion. Table 4.9 represents 
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Table 4.8 Disaggregation in surgical patients and severely and slightly brain injured patients.1 
severely slightly 
surgical injured injured 
admission 2.2 ± 2.2 22.0 ± 9.5 34.7 ± 9.9 
(3) (6) (5) 
day 1 20.0 ± 12.3 32.7 ± 13 .4 3 1 .5 ± 9 .3 
(6) (10) (10) 
day 2 17.4 ± 6.5 24. 1  ± 12.9 40.4 ± 1 6.4 
(7) (10) (6) 
day 3 19.9 ± 6.1  19.7 ± 7.5 25.4 ± 13 . 1  
(7) (12) (6) 
day 4 12.6 ± 3 .9 13 .5 ± 5.6 5 . 1  ± 6.4 
(8) (12) (3) 
day 5 3 . 1  ± 4 . 8  22.2 ± 1 1 .3 17.9 ± 10.5 
(10) (10) (7) 
day 9 1 1 .6 ± 8.5 28.2 ± 8.2 8 . 1  ± 3 .9 
(9) (17) (8) 
day 1 6  5 . 0  ± 2.4 24.5 ± 8.5 18 .0 ± 8.4 
(7) (17) (3) 
day 23 1 6.6 ± 7.3 
(16) 
day 30 28.2 ± 9.8 
(13) 
. . . ODmax - OD10 
1 DisaggregatiOn has been calculated as follows : OD 
x 100 %  = . . . %. 
max 
Percentages have been represented as x, ± SEM, number of patients in parentheses. 
the platelet aggregation parameters of the severely brain injured patients who 
were divided into patients with and without fractures of the long bones in order 
to determine the possible influence of other trauma than brain injury upon 
platelet aggregation. The platelet aggregation data were approximately the 
same within the severely brain injured group whether these patients had long 
bone fractures or not. Only on day 3 there was a significantly (p < .01) more 
decreased ODmax in the patients with fractures. Table 4.10 shows the platelet 
counts, Pa02 and Sa02 of the severely brain injured group with and without 
long bone fractures. Platelet counts of patients with fractures of the extremities 
were not-significantly lower on admission and on the consecutive days of the 
study. The Pa02 was lower during the post-traumatic course in the patients 
with long bone fractures and showed a significant difference on days 2 and 4 
(both p < .02). The Sa02 showed a similar pattern with significant differences 
on days 2, 4 and 5 (p < .05, p < .02 and p < .05, resp.). Between the severely 
brain injured patients with and without long bone fractures neither significant 
differences in motor responsiveness score nor in total coma score were present 
(these data are not tabulated). Fig. 4.17 shows the post-traumatic course of 
pH, PaC02, Pa02 and Sa02 of the severely brain injured group. 
Fig. 4.18 shows the haemoglobin course in the severely brain injured patients 
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Table 4.9 Platelet aggregation in severely brain injured patients with and without long bone 
fractures. 
ODmax slope 
fract. non-fract. fract. non-fract. 
admission 37.4 ± 6 .1  15 .0 ± 3 .2  
(5) (5) 
day 1 24.2 ± 7.0 23.7 ± 2.0 35.2 ± 13 .7 24.0 ± 3 .8  
(4) (6) (4) (6) 
day 2 14.0 ± 2.0 15.8 ± 2.9 17.0 ± 7.0 42.0 ± 5 .3 
(3) (7) (3) (7) 
*** day 3 15 .2 ± 1 .6 29.5 ± 4.3 40.5 ± 2.0 25.4 ± 3.7 
(4) (8) (4) (8) 
day 4 14.0 ± 2.0 1 5 .8  ± 2.9 47.0 ± 7.0 42.0 ± 5 .3 
(3) (7) (3) (7) 
day 5 14,0 ± 2.0 26 3 . ± 2.1 36.3 ± 6.8 24.8  ± 1 . 9  
(3) (7) (3) (7) 
day 9 40.5 ± 4 .1  34.4 ± 3 .8  12 .2  ± 2.2 1 8 .0 ± 2 .1  
(6) (11)  (6) (1 1)  
day 16 28 . 3  ± 4.5 42.8 ± 5.4 20.8  ± 1 .7 18 .4 ± 5.4 
(6) (11)  (6) (1 1) 
day 23 32.8 ± 6.3 38 .4 ± 3 . 1  1 5 .0  ± 4.8 16 .1  ± 2.3 
(5) (11)  (5) (11)  
day 30 34.2 ± 5 . 1  37.1 ± 4.7 22.0 ± 4.8 17.6 ± 4.1 
(5) (1 1) (5) (8) 
The group of severely brain injured patients with long bone fractures consists of patients no. 
1 ,  10, 23, 3 1 ,  35, 42 and 55. 
Asterisk (*) indicates significantly different from corresponding data (*** : p < .01, two-tailed 
Mann-Whitney test). 
with and without long bone fractures. In both these subgroups the haemoglobin 
decreased without significant differences between each group. Blood trans­
fusions were given when the haemoglobin concentration fell below l Ogjl OOml. 
The effect of blood transfusion upon fibrin formation, platelet function and 
arterial blood gases was studied. On average 2-3 blood samples per day were 
collected from patients who had received blood in the preceding 24 hours. The 
number of patients being too small no calculations could be performed. Fig. 
4.19 up to fig. 4.23 show the PTT, fibrinogen concentrations, platelet counts, 
ODmax and Pa02, resp., of patients who received blood and of those who did 
not. It appears from these figures that none of the parameters shows a con­
sistent abnormality whether the patients received blood or not. 
None of the brain injured patients manifested a bleeding tendency or a renal 
insufficiency, irrespective as to whether they had long bone fractures or did 
receive blood. Petechiae were neither observed on the chest-wall nor in the 
fundus. Despite of the fact that most of the severely brain injured patients 
developed pulmonary complications (in particular pulmonary infections), in 
none of the patients fat embolism was suspected on clinical grounds. 
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Table 4.10 Platelet function and blood gases in severely brain injured patients with and without long 
bone fractures. 
platelet count PaOz (mm Hg) Sa02 ( %) 
fract. non-fract. fract. non-fract. fract. non-fract. 
day 0 1 63 .3  ± 42.7 226.3 ± 24.4 80.4 ± 8.5 92.6 ± 8.9 94.7 ± 1.9 94.8 ± 1 .6 
(3) (7) (5) (8) (5) (8) 
day 1 1 57.7 ± 36.8 1 59.4 ± 12.2 72.0 ± 7.7 89.7 ± 9.4 92.2 ± 2.1  96 .2 ± 1 .4 
(4) (8) * *  (6) (8) * (6) (8) day 2 124.6 ± 20.3 196.7 ± 36.3 77.0 ± 7.5 109.0 ± 7.0 94.5 ± 1 .6 98.3 ± 2.5 
(5) (11)  (6) (8) (6) (8) 
day 3 134.0 ± 33 .6 1 66.6 ± 14.9 74. 8  ± 6.1  90.7 ± 4.7 94.1 ± 1 .4 97.2 ± 0.4 
(5) (9) * *  (7) (6) * * (7) (6) day 4 136.7 ± 3 1 .4 172.8 ± 16.3  73.2 ± 6.5 88.6 ± 6.8 94.4 ± 1 .4 97.9 ± 0.4 
(5) (9) (6) (8) * (6) (8) day 5 1 63.2 ± 24.7 1 69.6 ± 15 . 1  64.3 ± 3 . 1  84.2 ± 8 . 1  93.2 ± 0.6 96.2 ± 0.9 
(6) (7) (6) (6) (6) (6) 
day 9 308 .7 ± 46.4 3 19.8 ± 22.1 70.3 ± 4.7 9 1 .0 ± 16.3 94.1 ± 9.0 95.9 ± 12.0 
(6) (1 1) (6) (5) (6) (5) 
day 1 6  361.2 ± 62.9  373.8  ± 38 . 1  90.0 ± 10.6 84.7 ± 6.9 95.7 ± 2.4 96.7 ± 6.0 
(4) (9) (3) (3) (3) (3) 
day 23 193 .6  ± 34.2 3 10.0 ± 37.8 
(5) (6) 
day 30 253.7 ± 1 5.0 332.0 ± 33 .8  
(4) (4) 
day 37 247.0 ± 82.6 358.3 ± 59.0 
(4) (6) 
day 44 224.0 ± 57.5 320.8 ± 65.7 
(4) (6) 
x ± SEM ; number of patients in parentheses. 
Asterisk (*) indicates significantly different from corresponding group (* : p < .05 ; ** : p < .02, two-
tailed Mann-Whitney test). (See also legends fig. 4.9.) 
4.2.2.4 Correlative studies. In this study interest was directed at, among other 
things, the relationship between the state of consciousness and platelet aggrega­
tion. Fig. 4.24 shows the course of the severely brain injured patients with 
respect to the ODmax and slope on the one hand and total coma score and 
motor responsiveness score on the other. Both curves show an initial decrease 
on days 1 and 2. From day 3 on an improvement is present in the platelet 
aggregation parameters as well as in the total coma score. The motor respon­
siveness score shows only on average a slight improvement in contrast with the 
total coma score. 
In order to establish the relationship between the state of consciousness and 
platelet function, correlative statistics (Spearman's  rank) were performed. 
Tables 4. 1 1 (0) up to 4. 1 1 (30) represent the correlation coefficients between 
parameters determining the state of consciousness and parameters determining 
platelet counts, arterial blood gases and platelet aggregation on admission and 
days 1 ,  2, 3, 4, 5, 9, 1 6, 23 and 30, successively. These data represent the joint 
group of severely and slightly brain injured patients. 
6 1  
Table 4. 1 1  (0), giving the data on admission, shows a significant positive 
correlation between motor responsiveness score, total coma score and oculoves­
tibular reflex and the Pa02 (p < .02, p < .05 and p < .05, resp.). The motor 
Fig. 4. 17  pH, PaC02, Pa02 and Sa02 during post-traumatic course in severely brain injured 
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Fig. 4.1 8  Haemoglobin concentrations during post-traumatic course in severely brain injured 
patients ; e = severely brain injured patients with long bone fractures (patients no. 1 ,  10, 23, 3 1 ,  
3 5 ,  4 2  and 55) ; o = severely brain injured patients without long bone fractures. Marks 
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responsiveness score shows a negative correlation with the ODmax (p < .05). 
On day 1 (table 4. 1 1 (1))  no significant correlations were present. On day 2 
(table 4. 1 1 (2) ), the motor responsiveness score as well as the total coma score 
correlated positively with the ODmax (both p < .001), the OD10  (p < .01 
and p < .05), and inversely with the slope (both p < .01) .  The oculocephalic 
reflex correlated inversely with the tODm (p < .05) on day 2. 
From day 2 on more or less consistent significant correlation coefficients 
were found between consciousness parameters and platelet aggregation para­
meters. On days 2, 3 and 4 significant correlations were present between the 
motor responsiveness or the total coma score and ODmax or OD10  (in the 
latter less significant) . On day 5 no significant correlations were found between 
consciousness parameters and platelet function. On day 9 a positive correlation 
was present between motor responsiveness or total coma score and OD 10  
(both p < .01) .  On day 1 6  a positive correlation was assessed between total 
coma score and ODmax, OD10  or slope (p < .02, p < .01 and p < .05, resp.). 
The oculocephalic reflex on day 16 showed a positive correlation with the OD 10 
(p < .05) . On days 23 and 30 no significant correlations were found between 
consciousness parameters and platelet function parameters. 
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Fig. 4.19 Individual values of PTT during post-traumatic course in severely brain injured 
patients ; o = value from patient who did not receive blood transfusions in preceding 24 
hours ; .A = value from patient who received stored bank blood in preceding 24 hours ; e = 
value from patient who received packed red cells (donor blood was taken in preceding 
24 hours). 
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Between consciousness parameters and platelet counts significant correlations 
were present on days 4 and 5 (both p < .05) .  
Between consciousness parameters and arterial blood gases significant 
correlation coefficients with respect to the P a02 were observed on admission. 
The motor responsiveness score, the total coma score and oculovestibular 
reflex correlated positively with the P a02 (p < .02, p < .05 and p < .05, resp.) .  
Further, significancies were present between oculocephalic reflex and pH on 
day 3, between total coma score and both the Pa02 and the Sa02 (p < .001 and 
p < .01 ,  resp.) on day 9.  
In order to find other factors influencing or accompanying platelet function, 
correlation coefficients were determined between platelet aggregation para­
meters and platelet counts as well as arterial blood gases (tables 4. 12(0) up 
to 4. 12(30)). Between platelet aggregation parameters and platelet counts 
significant correlations were present on day 2 (inversely ; p < .02) and days 3 
and 4 (both positively ; p < .05). With respect to the pH a significant correla­
tion was present on day 1 (p < .05) ; with respect to the Pa02 and Sa02 
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Fig. 4.20 Individual values of fibrinogen concentrations during post-traumatic course in 
severely brain injured patients. (See further legends fig. 4 .19 .) 
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Fig. 4.21 Individual values of platelet counts during post-traumatic course in severely brain 
injured patients. (See further legends fig. 4 . 19.) 
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Fig. 4.22 Individual values of ODmax during post-traumatic course in severely brain injured 
patients. (See further legends fig. 4. 19.) 
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Fig. 4.23 Individual values of Pa02 during post-traumatic course in severely brain injured 
patients. (See further legends fig. 4. 19.) 
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Fig. 4.24 Post-traumatic course of ODmax and initial slope of ADP-:-induced platelet aggre.,.. 
gation curve, and of totai coma and motor responsiveness score . of severely brain injured 
patients. Values are given as :X ± SEM. Shaded areas represent normal range�. Figures written 
in total coma score indicate numbers of patients studied on the corresponding days with respect 
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Table 4. 1 1  Correlation coefficients between consciousness parameters, platelet counts, arterial blood 
gases and platelet aggregation parameters on consecutive days in the joint group of severely and slightly 
brain injured patients. 
(admission) 
thr pH Pa02 PaC02 Sa02 ODm OD10 tODm slope 
* *  * 
motor score . 366 - . 217 . 735 . 107 . 480 - . 651 - . 572 - . 21 8  . 508 
* 
total coma score . 405 - . 106 . 665 . 146 . 430 - . 523 . 606 - .285 . 347 
OCR . 124 . 103 - . 154 - . 263 .205 - . 577 - . 395 - . 417 . 21 3  
* 
OVR - . 373 . 401 . 802 -. 277 - . 535 - . 283 - . 056 
(n = 5-15) 
(day 1)  
motor score - . 040 - . 1 17 . 176 . 386 . 190 . 350 . 202 -. 203 - . 217 
total coma score - . 046 - . 283 . 380 . 501 . 384 .4 1 1  . 193 -. 279 � . 359 
OCR - . 044 . 209 . 042 . 258 . 004 . 223 . 063 - . 1 98 - . 220 
OVR . 077 - . 1 34 . 606 . 646 . 461 . 101 - . 075 - . 140 - . 341 
(n = 9-23) 
(day 2) 
* * * *  * * *  * * *  
motor score - . 079 . 217 - . 1 84 -. 331  - . 121 . 810 . 623 . 380 - . 714 
* * * *  * * * *  
total coma score - . 056 . 149 - . 274 - . 307 - . 1 87 . 829 . 523 . 236 - . 720 
* 
OCR . 062 . 019  . 432 . 258 . 322 - . 175 - . 424 - . 659 -. 336 
OVR . 316 - . 316  . 000 - . 632 . 31 6  
(n = 16-27) 
(day 3) 
* * *  * *  * *  
motor score . 293 . 034 . 354 . 3 12 . 340 . 669 . 556 . 585 . 01 8  
* * * *  * * 
total coma score . 360 . 101 . 463 . 3 1 1  . 422 . 723 . 520 . 503 - . 147 
* * *  
OCR . 042 . 952 . 309 - . 208 . 479 . 292 . 359 . 234 . 234 
OVR . 026 . 730 . 7 1 1  . 467 . 333 
(n = 7-14) 
(day 4) 
* * *  * * *  
motor score . 388 - . 088 . 069 - . 045 - . 1 17 . 777 . 715  . 435 - . 217 
* * * * *  * * *  
total coma score . 475 - . 1 99 . 176 - . 039 - . 056 . 857 . 700 . 292 -. 284 
OCR . 298 - . 663 - . 098 . 692 - . 536 . 140 . 098 . 007 - . 217 
• * * *  
OVR . 61 1  -. 334 - . 152 . 462 - . 484 . 328 . 289 - . 1 89 - . 8 1 5  
(n = 8-14) 
Table 4. 1 1  (continued) 
(day 5) 
thr pH Pa02 PaC02 Sa02 ODm OD10 tODm slope 
* motor score . 578 - . 271 . 365 . 384 . 377 . 188 . 148 - . 1 65 - . 423 
* total coma score . 562 -. 330 . 349 . 468 . 386 . 250 . 325 - . 094 - . 426 
OCR . 026 . 447 . 000 -. 894 . 000 . 461 . 477 . 129 - . 269 
OVR - . 088 . 860 - . 894 - . 1 12 - . 803 . 476 . 455 . 234 - . 125 
(n = 5-19) 
(day 9) 
*** motor score - . 093 . 250 . 244 - . 046 . 277 . 141 . 488 . 400 . 139 
**** *** *** totalcoma score - . 374 . 270 . 860 - . 172 . 862 . 195 . 565 . 321 . 066 
OCR .037 - . 130 . 675 . 193 . 51 6  . 059 . 1 19 - . 126 - . 082 
OVR - . 198 . 577 - . 289 - . 296 . 296 - . 456  - . 176 - . 1 14 - . 444 
(n = 5-24) 
(day 1 6) 
motor score . 31 5  . 000 . 158 . 324 . 158 . 335  . 505 . 177 - . 339 
* 
** *** total coma score . 321 - . 2 1 1  . 800 -. 738 . 800 . 606 . 712  . 397 - . 582 
* OCR . 48 1  . 000 . 105 . 056 . 105 . 563 . 679 . 280 - . 407 
OVR . 447 .474 . 474 . 474 - . 474 
(n = 4-17) 
(day 23) 
motor score - .494 - . 205 - . 051  - . 359 . 05 1  . 443 . 400 . 324 - . 497 
total coma score - .41 1  - . 200 - . 100 -. 200 - . 600 . 01 5  - . 1 1 1  . 004 . 075 
OCR - . 026 . 65 1  . 648 - . 061  - . 671 
OVR 
(n = 7-1 5) 
(day 30) 
** motor score - . 754 - . 01 3  - . 398 - . 3 13  - . 1 1 8  
total coma score - . 343 - . 273 - . 474 - . 212 . 217  
OCR . 000 . 426 - . 414 - . 559 - . 621 
OVR . 000 . 000 . 000 . 000 . 000 
(n = 5-14) 
Spearman rank's correlation coefficients ; * :  p < .05 ; ** : p < .02 ; *** : p < .01 ; **** :p < .001 
(two-tailed). 
on admission (p < .05 and p < .02, resp.), on day 3 (both p < .05) and 
on day 5 (both p < .05). With respect to the P a C02 on day 1 and 3 (p < .05 
and p < .01, resp.). 
4.3 Discussion 
4.3 .1 Fibrin formation and fibrinolysis 
4.3.1.1 Surgical patients. Fibrin formation and fibrinolysis did not show 
manifest abnormalities in patients with fractures of the lower limbs (surgical 
patients). The PTT and thrombin time were borderline-lengthened on ad­
mission but returned later to normal. The fibrinogen concentration was normal 
on admission but increased steadily thereafter. Factor levels did not show any 
abnormalities. P,latelet counts were borderline-low or slightly decreased during 
·· the first days after which an · increase started. The fibrinogen levels after 
trauma and other types of stress showed a familiar pattern : a normal fibrinogen 
concentration on admission and a steady increase thereafter (Innes and Sevitt, 
1964). The fibrinolytic activity as represented by the plasma clotlysis test and 
FDP titres, could be interpreted as slightly activated during the course following 
injury, but never exceeded the normal range. This is in accordance with the 
results obtained by Borowiecki and Sharp (1969). 
The invariably negative ethanol test gives clear evidence of the absence of 
DIC. However, DIC is frequently observed following trauma (McKay, 1969 ; 
Hardaway, 1966). In particular, the presence of shock is assumed to be an 
important trigger for DIC. The surgical patients observed here were not in 
shock, nor did they show other complications. In that respect these patients 
resembled the patient group of Simmons et al. ( 1969), who performed a similar 
study in combat casualties. They generally found a normal and sometimes 
shortened PT and PTT in mildly to moderately wounded patients without 
shock. · In their study fibrinogen, fibrinolytic activity and plat�let counts were 
predominantly normal on admission. Thus the severity of �rauma and in 
particular with shock as a complication seems to determine the coagulation 
status following injury. 
4.3.1.2 Brain injured patients. Like the control group, · the slightly brain 
injured patients did not show any abnormalities in fibrin formation and 
fibrinolysis. The coagulation screening tests in the brain injured group showed 
abnormalities with respect to both the fatally and the severely injured patients. 
The PT and t�rombin time in these latter groups demonstrated a slight to 
moderate lengthening on admission and on day 1, most probably indicating a 
consumption of clotting factors after a period of activated coagulation. The 
PT as well as the thrombin time are unsuitable tests for the detection of a phase 
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Table 4.12 Correlation coefficients between platelet aggregation parameters, platelet counts and 
arterial blood gases on consecutive days in the joint group of severely and slightly brain injured patients. 
(admission) (day 1) 
thr pH Pa02 PaC02  Sa02 thr pH Pa02 PaCOz Sa02 
ODm - . 182 - . 250 - . 607 . 3 15  - . 559 . 413  - . 261 . 226 . 603 - . 008 
* ** OD10 - . 51 1  - . 071 - . 786 . 512  - . 919 . 440 - . 025 - . 084 . 424 - . 277 
tODm - . 614 . 206 - . 393 . 3 10 - . 510 . 43 1  . 540 - . 378 . 076 - . 336 
* * slope . 067 . 296 . 593  - . 123 - . 561 . 067 . 714 - . 452 - . 705 - .243 
(n = 7-10) (n = 9-17) 
(day 2) (day 3) 
* * * ODm - . 303 . 234 - . 055 - . 435 - . 047 . 493 . 170 . 685 . 043 . 671 
* *  * *  ** OD10 - . 612 . 028 - . 046 - . 158 - . 338 . 1 88 . 360 . 717 . 003 . 737 
tODm - . 297 - . 227 . 065 . 103 -. 3 14 - . 068 . 232 . 597 . 3 1 6  . 595 
*** slope . 239  - . 551 . 091  . 541 - . 144 - . 456 . 351 . 267 . 774 . 391  
(n  = 1 1-16) (n = 10-18) 
(day 4) (day 5) 
ODm . 602 - . 087 . 204 - . 087 - . 292 . 073 - . 333 . 673 . 145 . 642 
* * OD10 . 339 . 058 . 341 - . 046 - . 127 - . 036 - . 527 . 786 . 179 . 81 1  
tODm . 035 - . 035 . 554 - . 057 . 242 - . 210 - . 367 . 685 . 054 . 664 
slope . 247 . 247 . 146 - . 1 59 . 385 - . 556 . 43 1  - . 63 1  - . 324 - . 464 
(n = 10-14) (n = 7-1 1) 
(day 9) (day 1 6) 
ODm - . 100 . 327 - . 192 - . 560 - . 089 . 155 - . 263 . 308 - . 237 . 308 
OD10 - . 083 . 277 . 159 - . 502 . 337  - . 025 . 263 . 103 - . 395 . 103 
tODm - . 371 . 350 . 069 - . 369 . 043 - . 231 . 395 - . 359 . 132 - . 359 
slope - . 109 - . 3 1 8  . 271 . 3 14 . 066 - . 140 . 308 - . 600 . 667 - . 600 
(n = 1 1-21) (n = 5-13) 
(day 23) (day 30) 
ODm . 470 -. 1 54 - . 051 . 205 - . 205 . 01 8  
OD10 . 396 . 200 - . 100 . 200 . 400 . 350 
tODm - . 353 . 866 - . 289 . 000 . 000 . 061  
slope - . 275 - . 500 . 400 - . 300 . 100 . 032 
(n = 5-13) (n = 12) 
Spearman rank's correlation coefficients ;  * :  p < .05 ; ** : p < .02 ; *** : p < .01 (two-tailed). 
of hypercoagulability. The PTT is more suitable to record an activation of 
coagulation, because of the proportionally longer period needed for activation 
of the intrinsic system. This test did show a shortening of coagulation on 
admission in the fatally as well as in the severely injured group. In both these 
brain injured groups the degree of consumption was mild, as demonstrated by 
just subnormal or normal fibrinogen levels and moderately decreased factor V 
and VIII levels on admission. On day 1 the fibrinogen and factor levels de­
creased further in the fatally injured patients, while these reverted to normal in 
the severely brain injured group. The fibrinolytic activity as represented in the 
PDP titres corresponded well with the above mentioned course. On admission 
both the fatally and severely injured groups showed a moderate elevation of 
PDP titres. On day 1 these abnormalities augmented in the fatally and dis­
appeared in the severely brain injured patients . The ethanol gelation test was 
never observed to be positive. 
These data are in agreement with those reported by Attar et al. (1969) and 
Goodnight et al. (1974). An activation of coagulation was present in the study 
of Attar et al. as indicated by a shortened PTT and silicone clotting time. The 
prolongation of the PT was more pronounced in their fatally injured patients, 
which was also seen in the present study. This is in agreement with the 'early 
hypercoagulability state' of Innes and Sevitt (1964). Obviously, an activated 
coagulation implies consumption of factors in the coagulation process. 
Goodnight et al. (1974) observed low fibrinogen and factor V and VIII levels 
in patients with clinical evidence of brain-tissue destruction, mostly due to 
gunshot wounds of the head. This patient group had a clinical course very 
similar to that of the fatally brain injured patients studied here. They found on 
the whole approximately the same haemostatic data. PDP levels were con­
siderably increased and platelet counts were normal, borderline-low or decreased 
during the first 24 hours after injury. In a second patient group consisting of 
patients with head injury from blunt trauma without clinical evidence of 
brain-tissue destruction, Goodnight et al. did not observe evident abnormalities 
in fibrin formation and fibrinolysis.  The clinical description of this latter 
group also fits our slightly brain injured group, in which no particular coagula­
tion defects were observed. 
4.3.1.3 Absence of disseminated intravascular coagulation. The results of 
Goodnight and those reported here differ in two important respects. In the 
patients of Goodnight the degree of fibrinogen depletion was much more 
pronounced and positive findings with the plasma protamine paracoagulation 
test were encountered. These findings are in contrast with ours which revealed 
far less decreased fibrinogen values and an invariably negative ethanol test. 
First, regarding the difference in fibrinogen concentration, this might be ex-
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plained by the type of injury. Goodnight et al. (1 974) studied patients with 
shot wounds in whom it may be assumed that the brain tissue is much more 
directly destructed than following blunt head trauma, which is an acceleration­
deacceleration type of trauma (Ommaya and Gennarelli, 1974) in which brain­
tissue destruction is much more spread and less intensive. Following a shot­
wound it seems probable that thromboplastic material which is present in high 
amounts in brain tissue directly enters the general circulation, resulting in 
a strong activation of coagulation. In four of the 13 patients studied by 
Goodnight fibrinogen concentrations below 50 mg/100 ml were observed and 
were even unmeasurable in two of these four patients. Druskin and Drijansky 
(1972) and Keimowitz and Annis (1973) reported similar cases following a 
gunshot injury of the brain. 
Secondly, Goodnight et al. reported the presence of a positive protamine 
test in almost all cases, which is in sharp contrast with the invariably negative 
ethanol test in this study. Both tests are held to be positive in the presence of 
DIC because they prove the presence of SFMC. Fibrin monomers, forming a 
part of the SFMC, polymerize and gelate in the test tube in the presence of 
ethanol or protamine. Since fibrin monomers are an intermediary product of 
thrombin-induced fibrin formation, a positive ethanol or protamine test proves 
DIC. In the absence of soluble fibrin monomers, the diagnosis of DIC is 
probably untenable (Gurewich, 1974). Nevertheless, it has been repeatedly 
reported that the protamine test can give a false-positive gelation (Seaman, 
1970 ; Niewarowski and Gurewich, 1971) .  The presence of early fibrin degrada­
tion products alone is sufficient to cause a positive protamine test (Niewarowski 
and Gurewich, 197 1) .  The ethanol test performed here according to the method 
of Godal and Abilgaard (1966) does not have this disadvantage. This method 
has therefore proven to be more reliable for the detection of DIC (Kierulf and 
Godal, 1 971) .  The invariably negative ethanol test in our series provides a 
strong argument against the presence of DIC following closed brain injury. 
On the other hand, in the fatally and severely injured patients lengthened 
screening tests, low platelet counts and considerably increased FDP titres may 
be indicating DIC. However, the presence of FDP in the circulation following 
injury probably points to a fibrinolytic response to an initial coagulation event, 
which is not necessarily DIC (Gallimore et al. ,  1 972). The occurrence of an 
increased fibrinolytic activity, as indicated by elevated FDP levels, following 
trauma is probably a physiological reaction to injury and in most instances 
beneficial to the patient (Borowiecki and Sharp, 1969). In the presence of 
moderately traumatic bruises alone considerably elevated FDP levels can be 
detected (Malleson, 1974). 
Other findings giving an indication of the presence of DIC are the 
decreasing fibrinogen and factor levels in the fatally injured patients, despite 
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negative ethanol tests. According to this, a negative ethanol test may be 
explained as a false negative recording (Margolis, 197 1) .  The decreasing 
fibrinogen concentrations on day 1 in the fatally injured patients support this 
theory. This implies a consumption of fibrinogen indicating a continuing 
coagulation process between 6 and 24 hours following injury. The fact that in 
that period shock and acidosis were usually present (most of these blood 
samples were drawn a very short time before death) may account for this. 
This is illustrated in two fatally brain injured patients (no .  14 and 26) in shock 
on admission, who showed the most considerable prolongation of coagulation 
screening tests of this patient group. Thus the decreasing fibrinogen and 
prolonged screening tests can be explained without the occurrence of DIC. 
Another important argument against the assumed presence of DIC is the 
absence of a haemorrhagic diathesis in these cases. Finally, a strong argument 
may be derived from the spontaneous return to normal of haemostatic ab­
normalities in the severely brain injured group. This is illustrated by the 
following case history : 
A 20-years-old woman (patient no 55) was ejected from a private car in a traffic accident. She 
lost consciousness immediately. On admission to the hospital, about one hour after the 
accident, the clinical symptoms of brain death were observed : apnoea and complete absence of 
reaction to pain stimuli ; the pupils were equally large, almost fully widened and unresponsive 
to light ; moderate papilloedema was present on both sides ; the corneal reflex was negative on 
both sides ; oculocephalic and oculovestibular (iced water) responses were absent. Pulse rate 
96/m. BP 100/80. The echo-encephalogram showed a shift from the left to the right (10 mm on 
a 10 em scope). Left-sided otorrhoea was present. X-rays of the skull and cervical spine did not 
disclose fractures or other abnormalities .  X-rays of the chest showed no abnormalities. The 
left leg showed a distal fracture of tibia and fibula on the X-rays. Hb 1 1 .7 g/100 mi. Haema­
tocrit 36 %. White blood cell count 10,700. Platelet count 95,000. Arterial blood gases 
(during artificial respiration with oxygen) : pH 7.46, Pa02 378, PaC02 48, Sa02 100 %. Blood was 
drawn for coagulation studies (see table 4. 13).  The coagulation screening tests appeared to be 
prolonged, fibrinogen 90 mg/100 ml, and the ethanol gelation test was negative. 
The neurological differential diagnosis was (a) acute subdural haematoma and/or (b) brain 
oedema of the left hemisphere with possible involvement of the brain stem. The prognosis 
was considered to be extremely poor. 
Immediately after admission the patient was intubated and artificially ventilated. An infusion 
with dextran was instituted, followed by 250 ml ureum 30 %. Dexamethasone was given. 
About 15 min. after ureum the patient showed symmetrical extensor spasms on pain stimuli. 
Spontaneous respiration returned and pupils narrowed first on the right, then on the left side 
to mid-position but remained fixed to light. The corneal reflex on the right became positive. 
The echo-shift returned from 10 to 7-8 mm. After deliberation with the neurosurgeon, it was 
decided to observe the patient carefully and to await the clinical course for the present. On 
suspicion of blunt abdominal trauma, an abdominal tap was performed by the surgeon and 
found to be negative. The leg fracture was splinted. Two and a half hours after admission 
blood was drawn for further coagulation studies (see table 4 .13) revealing a fibrinogen of 139 
mg/100 mi. Immediately thereafter fresh blood was transfused because of a low Hb (6.6 g/100 
ml). The rest of the case history is not relevant here. The patient developed an akinetic 
mutism three weeks post-trauma and died four months later of pneumonia. 
This patient, in a critical condition on admission, showed in the acute phase a 
considerably lengthened PT, PTT and thrombin time. The fibrinogen was 
90 mg/100 ml, which was the lowest value observed during the whole study. 
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Table 4.13 Coagulation parameters of patient no.  55. 
PT (10.7 - 12,3 sec.) 
PTT (38.5 - 49.3 sec.) 
thrombin time (9.0 - 1 1 .0 sec.) 
fibrinogen (190 - 424 mg. %) 
plasma clot lysis (neg.) 
PDP ( < 10 tLgfml.) 
f v (70 - 120 %) 
f VIII (70 - 120 %) 
antithrombin Ill (70 - 120 %) 
Control values in parentheses. 










19 .00 h. 
1 6.0 
46.0 





The ethanol gelation test was negative and no signs of haemorrhagic diathesis 
or renal insufficiency were present. Two and a half hours after admission the 
screening test recordings appeared to be improved showing a lengthened PT, 
a normal PTT and a normal thrombin time, although no therapy with blood 
constituents was administrated. The fibrinogen concentration spontaneously 
increased to 1 39 mg/100 mi. FDP titres turned out to be considerably increased. 
This case history illustrates the spontaneous recovery of initial abnormalities, 
which on first sight might be interpreted as suggestive of DIC. Moreover, the 
ethanol test was negative and no spontaneous bleeding tendency or renal in­
sufficiency was present. These findings are in agreement with those of 
Goodnight et al. (1974). In their brain injured group (mainly by gunshots) the 
defibrination, manifested by low fibrinogen values, elevated FDP titres and 
positive protamine tests reverted spontaneously to normal. Furthermore 
transfused fibrinogen was not rapidly consumed. The clinical course of their 
patients was about the same as that of the fatally brain injured group reported 
here. 
4.3.2 Platelet function 
4.3.2.1 Surgical patients. The platelet counts in the surgical control group 
showed a course which was similar to other observations following injury 
(Sevitt, 1 970 ; Hergt, 1972). The ODmax and initial slope of the ADP-induced 
aggregation curve gave normal values on admission after which borderline-low 
values were seen during the first post-traumatic days. Thereafter, the platelet 
aggregation was normal. 
4.3.2.2 Brain injured patients. The platelet counts in the brain injured patients 
showed the same course after trauma as in the control group, with exception 
of those in the fatally injured patients. The latter group showed a tendency to 
lower platelet counts on day 1 .  
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The fatally brain injured group showed a decreased ADP-induced platelet 
aggregation on admission, which became more considerable on day 1 .  In the 
severely and slightly brain injured groups a borderline-low platelet aggregation 
was observed on admission. In the slightly injured group the platelet aggrega­
tion remained subnormal up to day 5, after which the ODmax and slope 
returned to the normal range. The platelet aggregation parameters of the 
severely injured patients were remarkably diminished on day 1 and were at 
their minimum on day 2, 24-48 hours after injury. Thereafter, a gradual 
return of the platelet aggregation started and reached about normal levels on 
day 9, but did not become completely restored in the follow-up period. Dis­
aggregation phenomena as manifested by a discrepancy between ODmax and 
OD10  were present in all studied groups during the post-traumatic course 
without significant differences between each other. This may imply that the 
platelet aggregation in vivo is more impaired than indicated by the ODmax alone. 
During the whole post-traumatic period the severely injured group showed a 
significantly more impaired platelet aggregation than the surgical patients with 
only lower limb fractures. Therefore, it may be assumed that brain damage is 
the determining factor of the impaired platelet function. Between the severely 
and slightly brain damaged patients a significant difference in ODmax was 
present on days 2 and 4. These two latter groups were arbitrarily divided by the 
depth of unconsciousness on admission. Patients showing a total coma score 
of 8 points or less on admission belonged to the severely brain injured group, 
the remaining patients to the slightly brain injured group. In this division the 
period of unconsciousness was 7 days or more in the severely brain injured 
group and 4 days or less in the slightly injured patients. Thus it could be that 
the state of consciousness is related to platelet function. This impression is 
strengthened by the striking correspondence between the course of the total 
coma score and the platelet function of the severely injured patients (fig. 4.24). 
Correlations were therefore calculated between parameters representing the 
state of consciousness and the platelet aggregation parameters of the joint 
group of severely and slightly injured patients. On admission the ODmax was 
inversely proportional to the motor responsiveness score. This does not auto­
matically imply a relation between the severity of injury and platelet aggrega­
tion, because of the fact that the fatally brain injured patients showed a con­
siderable platelet inhibition on admission. On day 1 no significant correlations 
were present between consciousness and platelet aggregation parameters. 
From day 2 on a continuous presence of significant positive correlations (in 
contrast to the inverse correlation on admission) was found between the 
consciousness and aggregation parameters. On days 2, 3, 4, 9 and 1 6  significant 
correlations were assessed between the motor responsiveness score, total coma 
score, oculocephalic or oculovestibular reflexes and the ODmax, OD 10 
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or slope. On days 2, 3 and 4 these correlations showed the highest significance 
with respect to the ODmax of the ADP-induced platelet aggregation curve . 
On days 9 and 1 6  the highest significancies were found with respect to the OD lO .  
It is possible that changes in  platelet counts and arterial blood gases were 
concurrent with changes in consciousness and platelet aggregation (Swank, 
1968 ; Remmele and Loew, 1973 ; Vaage et al. ,  1 974). This could indicate a 
false relation between consciousness and aggregation parameters. To check 
this possibility, correlations were computed between these former parameters. 
Significant positive correlations between consciousness parameters and platelet 
counts were only present on days 4 and 5 .  Significant correlations between 
consciousness parameters and blood gases were present on admission regarding 
the Pa02, on day 3 with respect to the pH and on day 9 with respect to the 
Pa02 and Sa02• From these data it is concluded that the relationship between 
consciousness parameters and platelet aggregation is more consistent than that 
between consciousness parameters and platelet counts or blood gases. 
A considerable change in platelet count can affect the ODmax of the platelet 
aggregation curve (Hellem, 1968). It could thus be conceivable that the low 
platelet counts in the first post-traumatic days correlated with the decrease of the 
ODmax. However, only on days 3 and 4 a significant positive relation was 
present between platelet count and ODmax. Moreover, on these days the 
degree of significance between consciousness parameters and platelet aggrega­
tion was higher than between platelet counts and platelet aggregation. It is 
concluded therefore, that the decrease in platelet aggregation is generally 
independent from changes in platelet counts. 
Since changes in pulmonary function can be connected with changes in 
platelet aggregation (Swank, 1968 ; Ljungqvist et al. ,  1 97 1  b; Vaage et al. ,  1 974), 
the relationship between platelet aggregation parameters and arterial blood gases 
is interesting. On admission an inverse correlation was present between OD10  
and Pa02 or  Sa02• On days 3 and 5 positive correlations were found between 
ODmax or OD10  and Pa02 or Sa02• The relationship between consciousness 
parameters and platelet aggregation was present during a much more con­
sistent period : an inverse correlation on admission and positive correlations 
on days 2, 3, 4 and in the second and third week post-trauma (days 9 and 1 6). 
Thus it appears from these findings that the relationship between conscious­
ness and platelet function is higher than between pulmonary function and 
platelet function. It is improbable that respiratory alkalosis as present after 
severe brain injury (fig. 4. 1 7) is causative of the impaired platelet function, 
because respiratory alkalosis induces an increase in platelet aggregability as 
shown by Doni (1974) and Lamberth et al. (1974). 
In theory it is quite possible that in traumatized tissue platelet aggregation, 
reversible or irreversible, takes place. When reversible platelet aggregation 
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occurs, the circulating platelets will be less viable. Furthermore, younger and 
older platelets may be supposed to be unequally susceptible to an aggregation 
stimulus as present in traumatized tissue. On account of these two reasons, 
the presence of extensively injured tissue as in limb fractures, can affect the 
platelet aggregability in the systemic circulation. To investigate the influence 
of fractures upon platelet function, the severely brain injured patients were 
divided in groups with and without long bone fractures. Between these two 
subgroups no significant differences in ADP-induced platelet aggregation were 
observed, except on day 3 (table 4.9). At that time patients with long bone 
fractures had a significantly more decreased aggregation than patients without 
fractures. On the other days platelet aggregation was approximately the same 
in the two groups. Thus the presence of fractures in brain injured patients did 
in general not contribute to the impairment of platelet function. 
The platelet counts were considerable lower in the patients with long bone 
fractures during the whole post-traumatic period, but without significant 
differences (table 4. 1 0). Therefore, it seems justified to conclude that con­
sumption of platelets in traumatized tissue did probably occur without affecting 
the platelet aggregation in itself. 
4.3.3 Arterial hypoxia 
On admission a significant relation was present between the parameters of 
consciousness and the Pa02 : as the consciousness was more impaired the 
Pa02 was lower. Thereafter, no significant correlations between consciousness 
parameters and P a 0 2 were present in the brain injured patients, except on day 9 .  
The relation between the state of consciousness and the Pa02 on admission is 
in agreement with the findings of Sugimoto et al. (1974) who assessed a lower 
Pa02 as the head trauma was more severe. Other investigators also assessed 
a low P a02 following craniocerebral trauma (Sinha et al. ,  1 973 ; Cam pan et al. ,  
1 973 ; King et al. ,  1 974 ; Moss et al. ,  1 974a). This lowered arterial hypoxia has 
been explained by pulmonary shunting due to sympathetic, particularly alpha­
adrenergic, outflow (Berman et al. ,  1 969 ; Turney et al. ,  1 973 ; Moss et al. ,  
1 974b). Nevertheless, i t  should be  noted that primary or  secondary pulmonary 
infections like aspiration, lung contusion, atelectasis or bronchopulmonary 
infections all can result in a lower Pa02• 
The presence or absence of long bone fractures did not influence the P a02 
on admission in the severely brain injured patients. These data concern, 
however, only a small number of patients. On days 2, 4 and 5 the brain injured 
patients with long bone fractures did show a significantly lower P a02 than those 
without long bone fractures. Thus the presence of a low P a02 immediately 
following bone fractures alone (Collins et al. ,  1968 ; Cole, 1972) and craniocere­
bral trauma alone (Sugimoto et al. , 1 974; Moss et al. ,  1 974a) together with the 
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absence of a difference in Pa02 on admission whether brain injured patients 
had long bone fractures or not, makes it likely that the injury in itself is the 
causative factor. After head trauma, femur fractures or other types of injury an 
increased sympathetic response is seen. As discussed before (4. 1 . 5), a sym­
pathetic outflow may induce pulmonary hypertension, increased alveolar­
arterial P02 differences, and pulmonary shunting resulting in a lower P a02• 
On the other hand, raised FFA levels, which are a common finding following 
trauma (Warner, 1 969), might damage the pulmonary capillary endothelium 
and the alveoli, and subsequently affect the 02 diffusion. Thus a lowered 
P aO 2 following trauma is a pathological consequence of a physiological response 
to injury. 
Circumstantial evidence indicates that the low Pa02 in the brain injured 
patients with long bone fractures was not accompanied by the presence of the 
syndrome of clinical fat embolism. The clinical picture of these patients did 
not show a further impairment during this period, and the state of conscious­
ness was not significantly different from brain injured patients without long 
bone fractures. Other signs of fat embolism like petechiae were not present. 
Nevertheless, during the second to fifth day post-trauma the Pa02 levels in the 
brain injured patients with long bone fractures were significantly lower in­
dicating an influence of long bone fractures on a deterioration of pulmonary 
function. The nature of this contribution is unknown, but it could be that each 
of the three pathophysiological factors discussed in the introduction of this 
chapter, i .e. ,  (a) fat emboli as a mechanical obstruction, (b) increased lipolysis 
and FFA and (c) fibrin thrombi and platelet aggregates, are related to the 
lower Pa02• It may be assumed that increased lipolysis and FFA are present 
in each type of injury (Warner, 1969). If increased FFA levels contribute sig­
nificantly to the clinical syndrome of fat embolism, one may expect this clinical 
syndrome to occur after many types of trauma, and not only in the presence 
of long bone fractures. However, the syndrome is rare and is recognized 
mainly following leg and pelvic bone fracturing. The few clinical reports 
describing fat embolism not related to fractures, are for the greater part not 
concerned with trauma. 
Thus it can be concluded that fat embolism is connected with long bone 
fractures in particular. It does not seem improbable that in this condition fat 
emboli are the factor inducing the clinical syndrome, as many have suggested 
(Gauss, 1924; Young and Griffith, 1 950 ; Sevitt, 1962). 
In the brain injured patients with long bone fractures no signs of DIC were 
present : the coagulation screening tests were similar to those of the brain injured 
patients without long bone fractures. The FDP titres were within the normal 
range and ethanol tests were negative. Platelet counts were lower but did not 
show significant differences with those of patients without long bone fractures. 
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4.3.4 Effects of blood transfusion 
In this study :fig. 4. 1 8  shows that anaemia is present during the first post-trau­
matic week following brain injury. The blood loss is more severe than appears 
from the diagram, because blood transfusions were instituted when the haemo­
globin concentration was less than 10 g/ 100 ml. Furthermore, fig. 4. 1 8  shows 
that in the severely brain injured patients without long bone fractures, the 
anaemia was as severe as in patients with long bone fractures, No explanation 
can be given for this anaemia without apparent blood loss, but a form of 
haemo1ysis could be the causative factor. Hypophosphataemia, as often 
present following severe brain injury, resulting in cellular ATP depletion of the 
red cell may play a role here (Yawata et al. ,  1 973 ; Sheldon, 1 973). 
A discussion about counteracting the fall in haemoglobin by blood transfusion 
in order to restore the oxygen transport capacity might give the impression of 
dealing with an irrelevant problem. Obviously the general disadvantages of 
giving blood also apply following trauma : the risk of haemolytic reactions like 
mismatched blood or transferring Au-antigen for instance. Following injury, 
post-traumatic jaundice may be worsened by blood transfusions (Sevitt, 1958). 
But in particular in relation to injury some authors believe that giving blood to 
polytraumatized patients carries extra risks like DIC or fat embolism (Miller 
et al. ,  1 962 ; Ponsen, 1 970). Miller et al. (1962) observed fat emboli in autopsy 
specimens of brain, lung and kidney tissue from patients who died following 
extracorporeal circulation, and from other surgical patients who died. The 
authors analyzed that statistically the administration of blood was most 
significantly related to death. Unfortunately they reported neither about the 
quality of blood which was given nor about clinical signs and symptoms 
following blood transfusion. The indications for blood transfusion were not 
given. On account of their autopsy findings they associated fat embolism with 
extracorporeal circulation and blood transfusion. 
In a patient with fractures of femur and tibia with the clinical picture of fat 
embolism Ponsen (1970) observed decreasing concentrations of circulating 
:fibrinogen, which he connected with the occurrence of DIC. 
Simmons et al. (1969) reported a fall in circulating platelets after transfusion 
of stored bank blood, without giving the post-traumatic course of platelets 
without blood administration. Their post-transfusion platelet counts were 
similar to those of the patients reported in this study, who did not receive blood. 
Concerning the PT and PTT Simmons et al. reported a slight tendency to 
prolongation. In patients who had abnormal PT's or PTT's before blood was 
given, the abnormalities disappeared following blood transfusion. In no case 
following transfusion the abnormalities recorded in the patients' blood ex­
ceeded those recorded in the donor blood before transfusion. In this study 
blood was given to two or three patients per day on average. For that reason, 
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too few coagulation data of these patients are available for statistical com­
parison. Nevertheless, fig. 4. 19  up to fig. 4.23 show that patients receiving 
blood did not manifest consistent abnormalities in platelet count, PTT, 
fibrinogen, ODmax and Pa02 compared to those who did not receive blood. 
Thus, the data of this study together with those of Simmons et al. ( 1969) give 
no support to the opinion that following blood transfusion an extra risk for the 
induction of DIC or fat embolism is present. Recently, several experts on fat 
embolism mentioned the value of, among other things, rapid supplementation 
of blood to optimal haemoglobin levels as preventive and therapeutic measures 
in fat embolism (Peltier, Collins, Evarts and Sevitt, 1974). Usually stored bank 
blood is preserved in an acid-citrate-dextrose (ACD) solution. In the ACD 
milieu, organic phosphates like 2,3-diphosphoglycerate (DPG) will be broken 
down. Consequently, the diminished concentration ofDPGresults in an increased 
affinity of haemoglobin to oxygen, which is unfavourable to the oxygen 
delivery in the capillary for oxygen utilization in tissues. Fresh whole blood, 
in which the influence of ACD on DPG has not acted long enough and fresh 
erythrocyte suspensions (packed cells) do not have such a decreased DPG 
concentration and are therefore more suitable than stored blood in certain 
circumstances. 
How important is the administration of blood during anaemia following 
brain injury in order to deliver sufficient oxygen to the brain? On theoretical 
grounds this question is difficult to answer. 
The oxygen consumption in the brain as in any other tissue is represented in 
the following formula (after Zij lstra et al. ,  1 973) : 
02 consumption = CBF X (Sa02 - Sv02) X [Hb] X 1 .3 
where CBF is the cerebral blood flow, Sa02 - Sv02 is the percentage of oxygen 
delivered from the haemoglobin, [Hb] represents the concentration of haemo­
globin, and 1 . 3  is the amount of oxygen bound by 1 g  of haemoglobin. Thus, 
the 02 consumption is directly proportional to CBF, (Sa02 - Sv02) and [Hb] . 
But changes in [Hb] do not necessarily affect the consumption of oxygen 
because a fall in [Hb] gives a compensatory reaction by an increase in CBF. 
Siesjo et al. (1974) assessed that following acute anaemia the reduced content 
of Hb was fully compensated by an increase in CBF resulting in an unchanged 
rate of oxygen consumption by the brain (CMR02). In theory, therefore, there 
seems to be no absolute need to give blood transfusions following brain injury 
with reduced concentrations of circulating haemoglobin. Moreover, during 
impaired consciousness following brain injury the oxygen utilization of the 
brain is diminished as is indicated, for example, by a relatively high Sv02 
(Shalit et al. ,  1 974 ;  Brodersen and J0rgensen, 1974). The decreased CMR02 
is due to hitherto unrecognized factors. 
After brain injury hyperventilation as demonstrated by a respiratory alkalosis 
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is usually present producing a decrease in CBF. To a certain extent this effect 
may be reversed by an accompanying low Pa02 . In addition, CBF can be 
impaired due to an increased intracranial pressure as the result of brain oedema 
or a haematoma. It has been demonstrated that following brain injury certain 
parts of the brain show a luxury perfusion while other have a decreased flow 
(Ponten et al. ,  1 974 ; Overgaard and Tweed, 1974). Thus the ability to compen­
sate a low [Hb] by an increase in CBF is not automatically, if at all, present in 
the injured brain. Several authors have indeed reported a decrease in CBF 
following severe craniocerebral injury (Ingvar et al. ,  1 964 ;  Shalit, 1972 ; Hoyer 
et al. ,  1 972). 
As discussed before, a decrease in Pa02 is often present following brain 
injury. The Pa02 determines, dependent upon the oxygen dissociation curve, 
the Sa02.  Furthermore, the brain and the heart are most sensitive to a lowered 
Pa02 because of the mean large distance in these organs between two capillaries 
serving the area of neurons lying in between. Post mortem studies reveal that 
diffuse secondary damage to brain tissue is a common phenomenon following 
brain injury (Jennett, 1970 ; Graham and Adams, 1972). Finally, during a low 
[Hb ], compensating mechanisms are not only involved with brain function, 
but with other organs also. When hyperventilation is present, energy is demand­
ed for the breathing muscles ; complications like pulmonary infection, hyper­
thermia, and systemic hypertension all urge the body to compensate these by 
altering the haemodynamic mechanisms. Thus, many conditions are present 
which may contribute to ischaemia and/or hypoxia of the injured brain. There­
fore, it is felt that maintaining the haemoglobin concentration in approximately 
the normal range is necessary following head trauma. This conclusion remains 
however to be proven in future investigations. Loew (1971)  also states that 
treating anaemia is obligatory in addition to other therapeutic measures with 
regard to respiratory function, circulation, increased intracranial pressure and 
hyperthermia. Summarizing, it is concluded that the very questionable extra 
risks of blood transfusion in traumatized patients are outweighed by the ad­
vantage of supplying sufficient oxygen transport to the injured brain. 
4.3.5 Acquired or congenital bleeding defects 
In this study only patients were investigated in which a normal haemostasis 
before the ictus was assumed. Anamnestic or heteroanamnestic knowledge 
about a previous bleeding tendency or anticoagulant use has to be obtained 
when a patient suffers intracerebral injury, traumatic or not. Intracranial 
bleeding which may be subdural, epidural, intracerebral or subarachnoidal, 
is the commonest cause of death in haemophiliacs (Nilsson, 1974). Twelve 
percent of all patients with subdural haematomas - post-traumatic or not -
have been reported to use coumarin derivatives (Wiener and Nathanson, 1 962). 
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On the other hand, subdural haematoma is a rare complication of anticoagulant 
therapy (Leonard et al. ,  1 969). About 2 %  of patients on anticoagulant therapy 
have cerebrovascular accidents, of which 32 % are intracerebral haemorrhages 
and 19 % are subdural haematomas (Wells and Urrea, 1 960). In a survey of 
massive brain haemorrhage it was found that leukaemia, generally associated 
with severe thrombocytopenia, was the single most common disease (Mc­
Gormick and Rosenfield, 1973). 
IntraQranial haemorrhage is a notorious complication following slight head 
injury in patients with a congenital or acquired haemostatic defect. During 
the course of this investigation one injured patient was seen with an acquired 
clotting defect. This patient who was not included in the groups studied here, 
had the following case history. 
A 24-years-old man fell from his motorbike in a traffic accident, after which he was uncon­
scious for five minutes. He went home unaided and became drowsy the next night. The fol­
lowing morning he was admitted to a local hospital. The evening after admittance he was still 
able to talk. Gradually his state of consciousness became more impaired and the morning of 
the second day post-trauma, he was transferred to the University Hospital because of abnormal 
motor responsiveness and opisthotonus. On admission the patient was comatose, showing no 
verbal response or eye opening on pain stimuli, and an abnormal flexor motor responsiveness. 
There was opisthotonus and stiffness of the neck. The right pupil was widened in mid-position 
and fixed to light. The left pupil was small and reactive. The right fundus showed papill­
oedema. The corneal reflex was present on both sides. A left central facial paresis was 
present on the left. The oculocephalic reflexes were absent on both sides. There was a left 
hemiparesis with a more pronounced abnormal plantar reflex on that side. The X-rays of the 
skull and cervical spine disclosed no fractures or other abnormalities. The curve of the echo­
encephalogram showed a shift from the right to the left (7 mm on a 10 em scope). Pulse rate 
88/min. BP 130/80 mm Hg. RR 24/min. Temp. 38.8 o C. 
This young man had been hospitalized a few months before the accident at the Department of 
Internal Medicine because of cryptogenic macronodular hepatic cirrhosis with severe portal 
hypertension and splenomegaly. In addition he showed coagulation factor abnormalities 
(lengthened PT, PTT and low factor Vffi) and platelet abnormalities suggesting Von Wille­
braud's disease. The patient had been proven to be Au-antigen positive. 
Laboratory data on admission on the second day post-trauma were : haematocrit 38 % ;  white 
blood count 12,500 with a normal differentation, platelet count 59,000. Blood gases revealed a 
respiratory alkalosis with a normal arterial oxygenation. PT 1 3 .9 sec. (control 10.7-12.3 sec.), 
PTT 73 .1  sec. (control 38 .5-49.3 sec.), thrombin time 10.0 sec. (control 9.0-1 1 .0 sec.), Thrombo­
test 26 %, fibrinogen 250 mg %. ADP-induced platelet aggregation was completely negative. 
The diagnosis was most probably a subacute subdural haematoma on the right hemisphere 
secondary to the defects in fibrin formation and platelet aggregation. Initially the patient was 
treated with vitamin K1 and fresh human plasma. After extensive deliberations with the 
haematologist and the neurosurgeon it was decided neither to perform a carotid angiogram 
nor surgery because of the poor prognosis of the liver disease and the Au-antigen positivity. 
Gradually the patient deteriorated further and the clinical picture of uncal herniation changed 
into a descending brainstem dysfunction leading to death 12 hours after transferring. Per­
mission for autopsy was not given. 
This case history shows the increased risk for intracranial haemorrhage in 
patients with coagulation defects. Cryo-precipitate or fresh frozen plasma 
transfusions should be given in principal after any head injury of patients with 
haemophilia (Seeler and Imana, 1973 ; Quick, 1974). In other congenital or 
acquired haemostatic abnormalities Vit. Kb PPSB or platelet suspensions, for 
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instance, may be indicated depending upon the primary defect. During or 
after supplementation therapy neurosurgical exploration may be necessary, and 
these cerebral bleedings require the combined efforts of the haematologist and 
neurosurgeon or neurologist. 
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CHAPTER 5 
HAE M O S T A S I S  AND C E R E B RA L  I N F A R CT IO N  
5.1 Introduction 
A stroke or cerebrovascular accident can occur in the form of an ischaemic or 
a haemorrhagic cerebral infarction. Ischaemic infarctions are subdivided into 
two types : cerebral thrombosis and cerebral embolism, and both may lead to 
cerebral necrosis (encephalomalacia) if the occlusion lasts long enough. The 
clinical picture of an ischaemic cerebral infarction can manifest itself in several 
ways : (a) a transient ischaemic attack (TIA) in which a temporary insufficiency 
of a part of the cerebral circulation causes transient neurological symptoms ; 
(b) a progressing stroke, or stroke-in-evolution, present when the neurological 
symptoms are steadily growing, occurring particularly in association with 
basilar artery thrombosis ; and (c) a completed stroke, characterized by a 
lasting minor or major neurological deficit following the primary ictus. 
Sometimes it is difficult to assess which type is actually present. In the last 
decade the concept 'a stroke is a stroke is a stroke' has been abandoned and at 
present there is great interest in its pathophysiology and consequently in its 
therapy. One of the mechanisms studied involves the haemostatic changes. 
The work done in this field concerns the blood coagulation pattern before and 
after stroke and the clinically potentially beneficial effects of anticoagulants on 
ischaemic cerebral infarctions. The latter subject has been more intensively 
investigated than haemostatic changes alone. Therapeutic measures following 
stroke will not be discussed here ; and the reader is referred to recent reviews of 
McDowell and Brennan (1973), Meyer and Mathew (1974) and Millikan (1974). 
In 1 953, Mahoudeau et al. reported a study of alterations in fibrin formation 
following stroke. In ischaemic infarction they observed a state of hyper­
coagulability, measured by the heparin tolerance test in 64 % of the patients on 
the first day after onset. On days 2 and 3 a hypocoagulability state was often 
but not always present (44 %). Thereafter, prolonged, normal or shortened 
heparin tolerance tests were observed in variable frequencies. 
Bang and McDowell (1966) observed accelerated coagulation in ten out of 
22 cases of cerebral infarction but did not mention the time between ictus and 
testing. In six of these ten patients clinical thromboembolic episodes were 
apparent or suspected elsewhere in the circulation. The remaining 12 patients 
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exhibited signs of defibrination, fibrin deposition throughout the circulatory 
system, depletion of coagulation factors and compensatory fibrinolysis. 
However, no precise data were given. They further noticed that extracts 
prepared from human brain could copy all the abnormal features in clotting 
observed in stroke patients when the extract was added to normal plasma. 
Analysis of the brain extract disclosed a fraction with a high thromboplastic 
activity. Based on these findings the authors postulated a leakage of thrombo­
plastic material as the result of cerebral infarction causing the recorded 
coagulation changes. 
Katsuki (1966) reported in a group of Japanese patients a shortened bleeding 
time in the earlier stages of ischaemic and haemorrhagic infarction without 
giving the exact time after the onset. The thromboplastin generation test was 
lengthened ten days after the ictus. The mean thrombotest values did not differ 
essentially with respect to the type of lesion, but in haemorrhagic infarction 
they were approx. 30 % within three months after onset and 104 % thereafter. 
The plasma fibrinogen concentration was elevated in both groups and most 
pronounced in the haemorrhagic infarctions. Fibrinolysis remained normal. 
Ettinger (1964) studied in 120 patients with ischaemic infarction platelet 
count, one-stage PT, recalcification time, plasma 'antithrombin' activity, 
fibrinogen concentration, thromboplastin generation test and euglobulin lysis 
time within 24 hours after onset of symptoms. No detailed results of coagula­
tion tests were presented, only the overall results and the recording of a hyper­
coagulability state in 83 % of the infarctions. The most frequent abnormality 
observed was a decreased plasma 'antithrombin' activity, held to be causative 
of the hypercoagulability. 
In a joint study of ischaemic strokes in patients from the U.S .A. and Japan 
blood coagulation tests were performed (Ettinger, Kusonoki and Fujishima, 
1969) . The PTT was normal in the first week and subsequently prolonged in 
both patient groups. Fibrinogen concentrations were increased the first week, 
one month and even later after the accident. The platelet adhesiveness was 
increased one month after ictus. Euglobulin lysis time results were conflicting 
between U.S .A. and Japanese patients. 
Ogston and Fullerston (1965) found a normal plasma fibrinolytic activity 
following ischaemic cerebral infarction. Sack and Buraschi (1971)  measured 
PDP titres following stroke. They found increased amounts (88.2 [Lg/ml) in 
13 thrombotic infarctions and relatively low values ( 18 . 5  [Lg/ml) in ten embolic 
or haemorrhagic infarctions ; the time after onset was not recorded. 
Gaston et al. ( 1 971) investigated coagulation tests in the first week after 
onset in 14 patients with ischaemic infarctions appearing as completed strokes. 
The PT, thrombin time, platelet counts, platelet aggregation and FDP titres 
were within the normal range. The kaolin-activated PTT was shortened, 
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fibrinogen levels were generally increased and non-consistent factor V and VIII 
results were encountered. 
Kartin et al. (1972) studied 55 subjects with recent ischaemic cerebral 
infarctions on days 1 ,  2, 4 and 28 after the attack. In 12 patients with massive 
intracranial haemorrhage coagulation studies were done on the first day only. 
The recalcification time was shortened in the haemorrhagic and in the ischaemic 
group (mean values identical in the whole post-stroke period). The PT showed 
slightly lengthened values during the post-ictal course in the ischaemic in­
farction group. The thrombin time was normal in both the ischaemic and the 
haemorrhagic patients . The euglobulin lysis time was lengthened in both 
groups but no data about the post-stroke course were given. Fibrinogen levels 
were elevated in both types of infarction. Todd et al. ( 1973) studied 33 patients 
with thrombotic strokes during the first week after onset at irregular times. 
They found a normal PT, normal prothrombin levels, a ·  shortened glass and 
silicone clotting time and a lengthened heparin tolerance time. Fibrinogen and 
platelet counts were increased. In a thorough study Pilgeram (1974), investigated 
406 patients with ischaemic cerebrovascular disease together with age-matched 
controls for haemostatic risk factors associated with stroke. The patients were 
on average studied six months after the last acute episode. The fibrinogen 
concentrations were increased in all age groups and the total increase was 3 1  % 
in comparison with the control group. In one patient the fibrinogen turnover 
was studied and found to be increased compared to the matched control. 
Earlier, Pilgeram (1968) observed that an elevated plasma fibrinogen content in 
coronary thrombosis, which failed to return to normal levels after recovery, 
coincides with increased fibrinogen turnover and consequently with an in­
creased rate of synthesis. In ischaemic cerebral infarction, six months after 
ictus the PTT was remarkably shortened (35 .5  sec.) in comparison to controls 
(42.5 sec. ,  p < .001) .  The generation of 'thromboplastin' ,  as measured with 
the thromboplastic generation test, was increased in the subjects with ischaemic 
infarction. Soluble fibrin monomer levels were considerably elevated. Based 
on these findings Pilgeram assumed that the generation of 'thromboplastin' . in 
ischaemic disease may result in a concurrent production of thrombin and thus 
in fibrinogen-fibrin conversion. Thrombolysis as measured by clotlysis was 
reported to be deficient but could be restored by adding streptokinase, in­
dicating a defect in the activation of plasminogen. This was confirmed by 
normal and even increased plasminogen levels found in ischaemic cerebral 
infarction. FDP levels were within normal ranges, although 6 1 % exceeded 
1 .2 !1-g/ml, while only 20 % of the controls exceeded this value. Multiple 
regression analysis showed that the PTT, SFMC and fibrinogen levels gave the 
best differentiation between ischaemic cerebral infarction and the control 
group. In particular, the increase of circulating SFMC was suggestive of an 
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intravascular formation of fibrin and therefore Pilgeram assumed that intra­
vascular coagulation was present. 
An important finding in the study of Pilgeram (1974) is the observation of a 
change in clotting and fibrinolytic activity in association with increasing age. 
In themselves, these changes are indicative of an increased formation of fibrin. 
In ischaemic cerebral infarction the same pattern occurs but is superimposed 
Fig. 5 . 1  Coagulation tests (PT, PTT, thrombin time and antithrombin Ill) during post-ictal 
course in patients with ischaemic cerebral infarction. Marks represent mean values (± SEM) 
of 2-9 observations. Shaded areas represent normal range. 
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on the changing age pattern. On these grounds Pilgeram concluded that the 
coagulation and fibrinolytic changes do not follow but rather precede ischaemic 
cerebral infarction and indicate an increased risk for ischaemic infarction. 
Support of this opinion may be found in the data given by Muravieva and 
Kosov (1973) who established that in relatives of patients with ischaemic 
cerebral infarction a high plasma fibrinogen content was accompanied by low 
fibrinolytic activity. These changes were not observed in relatives of subjects 
with non-thrombotic stroke. 
Gaston et al. ( 1971)  found no abnormalities in ADP-induced platelet aggregation 
in the first days after a completed stroke. Danta (1973) assessed, however, a 
decreased ADP-induced platelet aggregation in patients with cerebral vascular 
disease. Kalendovsky et al. (1975) reported platelet hyperaggregability using 
the screen filtration pressure method in four young patients with stroke. Two 
of these patients had a classical migraine history and in one patient vascular 
headaches with familiar migraine were present. Wu and Hoak (1974) found 
an increased number of circulating platelet aggregates in patients with transient 
ischaemic attacks or with myocardial infarction. 
5.2 Results 
5.2.1 Fibrin formation and fibrinolysis 
Fig. 5 . 1 shows the coagulation data of patients with a completed stroke. The 
PT and PTT did not show any abnormalities during the first post-ictal days, 
after which these tests were not evaluated since some patients were treated with 
acenocoumarin. The thrombin time did not show abnormal values. Anti­
thrombin III levels stayed within normal ranges. Fibrinogen levels were rather 
high on admission (401 ± 36.6 mgf l 00ml, n=7) whereupon the levels increased 
further (Fig. 5 .2). Factor V levels remained within the normal range. Factor 
VIII levels showed an inconsistent pattern with a rather large SEM. The ethanol 
gelation test was sporadically done and was consistently negative. The plasma 
clotlysis was negative in all patients during the post-ictal course. PDP levels 
remained within the normal range. 
5.2.2 Platelet function 
Fig. 5 .3  shows the course of the platelet counts and the parameters representing 
the ADP-induced aggregation curve. The platelet counts were low-normal 
the first post-ictal days increasing slowly subsequently, but the normal limits 
were not exceeded. The ODmax of the ADP-induced aggregation was normal 
on day 1 and decreased thereafter to subnormal values with a minimum on 
day 3, whereupon borderline-low levels remained present. Disaggregation 
phenomena were often present as demonstrated by the ODl O. The rate of 
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Fig. 5 .2 Coagulation tests (fibrinogen, factors V and VIII and FDP) during post-ictal course 
in patients with ischaemic cerebral infarction. Marks represent mean values (± SEM) of 2-10 
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disaggregation on the consecutive days is presented in table 5 . 1 .  The initial 
slope exhibited the same pattern as the ODmax. 
5.3 Discussion 
5.3.1 Fibrin formation and fibrinolysis 
In the ten cases of an ischaemic cerebral infarction in the form of a completed 
Fig. 5.3 Platelet counts and platelet aggregation parameters (ODmax, ODl O  and initial 
slope) during post-ictal course in patients with ischaeinic cerebral infarction. Marks represent 
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Table 5 . 1  Disaggregation in patients with cerebral infarction.1  
adm. day 1 day 2 day 3 day 4 day 5 day 9 day 16  day 23 day 30 
53.4 20.3 21 .7 39.2 16.3 38.9 30.7 27.7 26.9 15.2 
± 27. 1 ± 10.3 ± 1 1 . 1  ± 17.7 ± 9.8 ± 9.6 ± 10.0 ± 10.6 ± 9.6 ± 5.3 
(3) (5) (7) (6) (8) (9) (13) (12) (10) (7) 
. . ODmax - OD10 1 DisaggregatiOn has been calculated as follows : 
OD 
x 100 % max 
have been represented as x, ± SEM, number of patients in parentheses. 
. . .  %. Percentages 
stroke studied here no abnormalities in PT and thrombin time were recorded. 
This is in agreement with other studies (Gaston et al. ,  1 971 ; Todd et al. ,  1 973). 
Ettinger et al. ( 1969) reported a normal PTT during the first week after ictus 
with prolonged values thereafter. Gaston et al. ( 1971)  reported shortened 
values in the acute stage of an ischaemic infarction. Pilgeram (1974) found six 
months after a completed stroke a shortened PTT indicating a hypercoagul­
ability state. The PTT assessed in the present study remained normal during the 
first days. Fibrin formation was therefore probably not changed during the 
early post-ictal course. Nevertheless, the test systems used here give no 
accurate insight into changes pointing to a hyper- or hypocoagulability state 
(Fletcher and Alkjaersig, 1 97 1). Therefore, the possibility of the presence of a 
hypercoagulability state following a cerebral thrombotic process cannot be 
excluded (Ettinger, 1964). The absence of evident abnormalities in factors V 
and VIII is in accordance with other findings (Gaston et al. ,  1 97 1) .  Anti­
thrombin III levels remained normal. The fibrinogen concentrations on day 1 
were rather high and increased further subsequently. Because fibrinogen levels 
after brain injury (chapter 4) and after subarachnoid haemorrhage (chapter 6) 
show lower concentrations on day 1 ,  elevated fibrinogen levels are possibly 
already present before the ictus. This is in agreement with data assessed by 
Pilgeram (1 974). In patients with arteriosclerotic dementia significantly in­
creased fibrinogen levels also have been reported without other coagulation 
changes (Andreoli et al. ,  1 974) in comparison with a control group of the same 
age. 
Pilgeram (1974) clearly demonstrated the presence of increased concentrations 
of SFMC by means of a radio-immunoassay ; these findings were explained as 
a form of intravascular clotting. It may be alleged that the SFMC as measured 
by Pilgeram, represent the sum of clottable and unclottable protein. The 
clottable and unclottable SFMC can be detected by ethanol. The ethanol test 
may not be sensitive enough to detect minute quantities of SFMC, however. 
Unfortunately, in only three of the ten patients with a completed stroke the 
ethanol test was performed giving negative results. Therefore, no light can be 
shed on the question whether some form of intravascular clotting is present. 
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In contrast with the findings of Sack and Buraschi (1971), the patients 
studied here showed FDP titres within the normal range using a similar 
technique. Gaston et al. ( 1971)  also reported normal FDP titres. 
5.3.2 Platelet function 
According to Gaston et al. (1971) platelet counts remained normal during the 
post-ictal period in the ischaemic cerebral infarction. Danta (1973) also found 
a decreased platelet aggregation during post-ictal course and disaggregation 
occurred regularly. The observations of hyperaggregability (Kalendovsky et al. ,  
1 975) in  young patients with stroke (TIA histories) are most probably related 
to migraine-induced changes in their platelet function (Hilton and Cumings, 
1 972). 
Because in both the brain injured and the stroke patients a decreased ADP­
induced platelet aggregation is present, it is likely that the CNS influence is a 
common factor in these groups. In several aspects the brain injured patients 
as studied in chapter 4 and the completed stroke patients differ in several 
aspects : e.g., mean age, kind of ictus and respiratory complications. They 
share, however, a decreased platelet aggregation. 
Apart from coumarin therapy, the administration of aspirin or other platelet 
aggregation diminishing drugs is more and more advocated in the therapy of 
TIA and even of ischaemic completed stroke (Fields and Hass, 1971 ; Gent, 
1974 ; Meyer and Mathew, 1 974). Hitherto no conclusive evidence has been 
presented about the value of aspirin and other platelet inhibitors in relation to 
ischaemic infarction (Gent, 1 974). The spontaneously decreased platelet 
aggregation following a completed stroke, as demonstrated here, calls for a 
careful approach. Studying the supposed benefit of platelet suppressive drugs, 
platelet aggregation with as well as without concurrent therapy therefore has 
to be determined next to the assessment of clinical data following ischaemic 
cerebral infarction. 
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C H APTER 6 
HA E M O S T A S I S  AND 
S U B A R A C H N O I D  H A E M O R R H A G E  
6.1 Introduction 
Little attention has been directed at haemostatic function in subarachnoid 
haemorrhage (SAH), with the exception of fibrinolysis. Tovi (1 972), studying 
coagulation changes following SAH reported no abnormalities in fibrin for­
mation. In order to find an adequate therapy much research has been done 
concerning fibrinolytic activity in SAH. In the circulating blood no or only a 
negligible increase of fibrinolytic activity has been found following SAH (Gibbs 
and O'Gorman, 1 967 ; Uttley and Backell, 1 968 ; Tovi and Nilsson, 1 972). In the 
CSF indications of an increased fibrinolytic activity have been found after SAH 
using the fibrin plate method (Smith and Upchurch, 1973). Tovi et al. ( 1973a) 
could also detect an increased fibrinolytic activity using the same method. 
Increased FDP levels in the CSF following SAH may possibly indicate a local 
fibrinolysis orginating from the clotting process at the bleeding site. These 
findings of increased fibrinolytic activity in the CSF give a rationale for the 
therapeutic application of fibrinolytic inhibitors like epsilon-aminocaproic acid 
(EACA) and tranexamic acid (AMCHA), which do cross the blood-brain-barrier 
(Porter et al. ,  1 966 ; Levy and Silver, 1 968 ; Tovi, 1 973b). Many authors 
feel that the administration of EACA or AMCHA is helpful to prevent 
rebleeding from SAH, in particular in the early stage after initial haemorrhage, 
pending final surgery (Gibbs and O'Gorman, 1 967 ; Ransohoff et al. ,  1 972 ; 
Tovi, 1973b ; Smith and Upchurch, 1973 ; Geronemus et al. ,  1 974 ; Corkill, 1 974). 
All these series were, however, dealing with a small number of patients and 
described different populations of SAH patients. Shaw and Miller ( 1974) 
reported no benefit of EACA in relation to rebleeding and observed one case 
with peripheral gangrene as a side-effect. Kagstrom and Palma (1972) ex­
pressed concern that EACA and AMCHA may increase the incidence of 
cerebral ischaemic accidents. Sonntag and Stein (1 974) reported in three of 
seven patients receiving EACA, cerebral arteriographic changes resembling 
arteritis or intravascular thrombosis, and a deteriorating clinical course. The 
authors believed that the antifibrinolytic therapy could have caused these 
unfortunate complications. Up to the present no conclusive evidence has been 
given about the therapeutic place of antifibrinolytic agents in SAH. Carefully 
controlled clinical studies will be necessary to ascertain the value of anti-
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:fibrinolytics alone or in combination with hypotensive drugs or neurosurgery 
after SAH. 
6.2 Results 
6.2.1 Fibrin formation and fibrinolysis 
The PT did not show any abnormalities in SAH patients (fig. 6. 1 ). The PTT 
Fig. 6.1 Coagulation tests (PT, PTT, thrombin time and antithrombin III) during post-ictal 
course in SAH patients. Marks represent mean values (± SEM) of 3-1 1 observations. Shaded 
areas represent normal range. 
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was rather short on admission, although within the normal range. Thereafter 
no abnormalities were present with the exception of day 23 on which a slightly 
lengthened PTT was found. The thrombin time remained normal during post­
ictal course. Antithrombin III concentrations remained within the normal 
range. Fibrinogen levels were normal on admission and increased steadily 
Fig. 6.2 Coagulation tests (:fibrinogen, factors V and VIII and FDP) during post-ictal course 
in SAH patients. Marks represent mean values (± SEM) of 3-1 1  observations. Shaded areas 
represent normal range. 
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during the first week, after which levels remained high (fig. 6.2) .  Factor V and 
VIII levels did not show evident abnormalities. The fairly large SEM of the 
factor VIII levels indicates that in some patients, in particular during the later 
post-ictal phase, decreased factor VIII levels were present also .  The ethanol 
gelation test was negative in six patients studied. The plasma clotlysis was 
negative in all patients during the post-ictal course, with exception of one 
patient on day 1 shortly before death. 
In two of the three patients FDP titres were detected on admission : 1 .25 and 
20 (.Lg/ml resp. ; the latter in a woman who died soon after admission. On day 
Fig. 6.3 Platelet counts and platelet aggregation parameters (ODmax, ODl O  and initial slope) 
during post-ictal course in SAH patients. Marks represent mean values (± SEM) of 3-9 
observations. Shaded areas represent normal range. 
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Table 6.1 Disaggregation in SAH patients.1 
adm. day 1 day 2 day 3 day 4 day 5 day 9 day 16 day 23 day 30 
9.2 24.6 20.0 18 .5 7.8 17.2 3 .7 15 .9 27.7 7.9 
± 0.7 ± 8 .8  ± 13 .1  ± 12 .1  ± 3 . 1  ± 8 .5  ± 2.3 ± 8 .6  ± 14.8 ± 7.9 
(3) (9) (6) (3) (7) (7) (5) (6) (5) ((4) 
1 See legends table 5 . 1 .  
1 in only two patients PDP titres within the normal range were present (1 .25 and 
5 (.Lg/ml resp.). From day 2 on no PDP titres were found in any of the patients. 
Renal insufficiency or signs of an abnormal bleeding tendency were not 
observed in any of these SAH patients. 
6.2.2 Platelet function 
Platelet counts remained within the normal range during the course following 
initial bleeding. The ODmax was normal on admission and decreased slightly 
thereafter with a minimum on day 2. The slope of the ADP-induced aggrega­
tion curve manifested about the same pattern. Disaggregation phenomena 
were usually present as indicated by the discrepancy between ODmax and OD l O  
(Fig. 6.3) .  Table 6. 1 shows the degree of disaggregation o n  the consecutive 
post-ictal days. 
The small number of SAH patients studied here ( 13), of which four patients 
died within 24 hours after the initial bleeding, makes it rather difficult to 
perform correlative statistics between consciousness and platelet aggregation 
parameters. No differences in platelet aggregation on admission and thereafter 
were present between those patients who died and those who recovered. The 
few patients with a recurrent haemorrhage could not be compared to the other 
patients with respect to platelet function. 
During the course of this study one patient was seen with a severely impaired 
ADP-induced platelet aggregation which lasted several weeks. Of all patients 
surviving the bleeding, this patient showed the most serious and persisting 
impairment of consciousness. 
A 27-years-old woman (patient no. 41) was admitted to the Department of Neurology after 
sudden pain in the neck immediately followed by unconsciousness. A rebleeding sub­
arachnoid haemorrhage was suspected. Her previous history revealed that on the age of 14 
she had been hospitalized because of a subarachnoid bleeding. The carotid angiogram showed 
an enormous inoperable arteriovenous aneurysm in the left thalamic area. One year later she 
was hospitalized again because of rebleeding at the same site. After discharge she occasionally 
suffered from aspecific migrainous headaches and a slight spastic hemiparesis on the right. On 
the age of 17 she was hospitalized again for slightly increasing tremors of the right arm. 
Neurologic examination revealed a slight spastic hemiparesis on the right accompanied 
by hemiataxia and hemihypaesthesia, which were explained by the presence of the aneurysm. 
On the age of 21 she became pregnant and the child was delivered by means of caesarean 
section without complications. At the latest check-up the neurological examination revealed 
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an unchanged slight spastic hemiparesis, hemihypaesthesia and hemiataxia on the right with 
intention tremors of the right arm. 
On the present admission the patient showed symmetrical extensor spasms spontaneously and 
on pain stimuli ; there was no eye opening or verbal response on pain. The pupils were small 
and fixed to light. The corneal reflex was present on both sides. The fundus showed neither 
haemorrhages nor papilloedema. The oculovestibular reflex showed a dysconjugate response 
on both sides. There was no stiffness of the neck. An abnormal plantar flexor response was 
present on both sides. The echo-encephalogram showed no shift. Pulse rate 56/min. ; BP 
150/80. 
Temperature 40.5 oc. Initially the patient was artificially ventilated with oxygen because of 
p-eriods of apnoea. Arterial blood gases : pH 7.24, Pa02 378 mm.Hg, PaC02 52 mmHg, Sa02 
100 %. She was further treated with 250 ml ureum 30 %, bicarbonate infusion and ampicillin 
and corticosteroids for, among other things, pulmonary aspiration. A lumbar puncture was 
not performed in this phase, because of a suspected increase in intracranial pressure. On the 
evening of admission there was practically no change in the patient's condition (narrowed 
pupils fixed to light, extensor spasms and Cheyne-Stokes breathing). The temperature was 
41 .3  oc. Because of hyperthermia she received a pyrazilon derivative, later followed by a 
cocktail of phenobarbital, promethazine and promazine. The resulting hypotension was 
treated with HaemacelR. The next day there was slight improvement ; the spontaneous exten­
sor spasm had disappeared. Four days after admission she probably had another haemorrhage 
as indicated by a sudden return of extensor spasms, hyperventilation and hyperthermia. 
Thereafter, there was no recurrence of haemorrhages. Gradually her condition improved. 
Thirteen days after admission the patient was able to react to instructions without verbal 
response. During recovery the patient suffered an ampicillin allergy and a pseudomonas­
induced urosepsis, treated with gentamycin. Five weeks after the initial bleeding she was able 
to start speaking again and revalidation therapy was instituted. 
This patient who had the lowest clinical coma score of the patients surviving 
the initial bleeding, showed an almost completely absent platelet response on 
ADP (fig. 6.4). Disaggregation phenomena were present to only a slight 
degree. Fibrin formation was normal, except for an increasing fibrinogen. 
The ethanol gelation test on admission was negative and plasma clotlysis and 
FDP titres were invariably negative during the post-ictal course of this patient. 
6.3 Discussion 
6.3 .1 Fibrin formation and fibrinolysis 
The PT and thrombin time did not show evident abnormalities in patients with 
a subarachnoid bleeding. The PTT was fairly shortened on admission, after 
which normalization of the PTT occurred. Fibrinogen concentrations increased 
after admission, as is seen in many types of stress. Factor V levels did not show 
any abnormalities. Factor VIII levels were rather low in some patients, but 
the number of patients studied is too small for definite conclusions. And 
further studies of SAH patients seem to be warranted with regard to this point. 
Antithrombin III levels remained within the normal range. These data are 
roughly in agreement with findings of Tovi ( 1972) who found no evident 
abnormalities in fibrin formation, but did not study this in relation to the 
post-ictal course. The negativity of the ethanol . test together with other tests 
showing a normal fibrin formation did not indicate the presence of DIC. The 
plasma · clotlysis was negative in all patients except one, in whom a positive 
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Fig. 6.4 Post-ictal course of total coma score (top) and ODmax (below) of patient no. 41 . 
Therapeutic measures are described in the figure. 
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clotlysis was found indicating an increased fibrinolytic activity. However, the 
blood sample was taken when this patient was probably already brain dead 
(apnoea and a minimum total score : 3) . It is known that fibrinolytic activity 
increases considerably immediately after death (MacFarlane and Biggs, 1946). 
The overall unincreased fibrinolytic activity is confirmed by the predominant 
absence of FDP titres in the SAH patients during the post-ictal course. On 
admission, in one of the three pateints studied a slightly increased FDP level 
(20 (.Lg/ml) was present. This patient died soon following the ictus. On day 1 
in two of 1 1  patients FDP titres were detected, both staying within normal 
limits. Thus the fibrinolytic activity immediately following the initial bleeding 
is enhanced, possibly due to the subarachnoid haemorrhage itself, or to stress 
influences which increase fibrinolytic activity (MacFarlane and Biggs, 1946 ; 
Chakrabarti et al. , 1 969 ; Cash, 1972). Following this initial period no increased 
fibrinolytic activity could be demonstrated as indicated by a negative plasma 
clotlysis and absent FDP titres. This is in agreement with findings of other 
authors who assessed no or a negligible increase of the fibrinolytic activity in 
the circulating blood following SAH (Gibbs and O'Gorman, 1967 ; Uttley and 
Backell, 1 968 ; Tovi and Nilsson, 1972). 
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6.3.2 Platelet function 
It is rather curious that practically no platelet function studies have been 
performed following SAH. In this study it was shown that platelet aggregation 
was impaired after the initial bleeding. The initial slope and ODmax of the 
ADP-induced platelet aggregation were slightly to moderately decreased 
following SAH. Moreover, disaggregation phenomena were usually present, 
indicating that the final aggregation in vivo was possibly much more decreased. 
In some patients with a seriously impaired consciousness the platelet aggrega­
tion was considerably decreased. Unfortunately, the number of patients 
studied was too small for correlation statistics. Platelet aggregation could 
therefore not be related to the occurrence of rebleeding, state of consciousness 
or final outcome. 
Nevertheless, the decreased platelet aggregation following SAH may have 
pathophysiological significance. It could indicate that the physiological process 
of blood clotting is impaired in quantitative and qualitative aspects. Platelet 
aggregation is the first step in coagulation in order to stop the bleeding. 
Platelet aggregation initiates the extrinsic and intrinsic coagulation mechanism 
resulting in fibrin formation. The latter process takes longer than platelet 
aggregation in itself. Thus an impaired platelet aggregation following SAH 
may have an undesirable effect through delayed clot-forming. 
In contrast, an impaired platelet aggregation may be desirable, with respect 
to vasospasm after SAH. Vasospasm of the cerebral arteries is a common 
phenomenon after SAH. Possibly the vasospasm is caused by the influence of 
subarachnoid blood on the exterior walls of large cerebral arteries producing 
vasoconstriction (Echlin, 1965). Zervas et al. ( 1973) showed in dogs that 
constriction of the basilar artery did not occur when the blood injected into 
the subarachnoid space was taken from dogs that received reserpine, but did 
occur when untreated blood was used. Reserpine, a phosphodiesterase in­
hibitor, is known to prevent the storage of serotonin and other vasoactive 
amines in platelets (DaPrada et al. ,  1967). The application of serotonin to 
cerebral vessels either topically or intra-arterially will cause marked arterial 
constriction (Kapp et al. ,  1 968 ; Arutiunov et al. , 1 970). Nearly all the serotonin 
in blood is located in platelets (Weissbach et al. , 1 958) .  Thus it may be con­
cluded that the vasoconstrictive action of blood against the outer side of the 
vessel wall is caused by release of serotonin from blood platelets. A decreased 
ADP-induced platelet aggregation may imply that vasospasm following SAH 
is present to a lesser degree than in cases of normal platelet aggregation. This 
because of the fact that a decrease in ADP-induced platelet aggregation implies 
most probably a decrease in ADP, serotonin and other vasoactive amines 
released from platelets (Born, 1962). It is generally accepted that vasospasm is 
an undesirable consequence of SAH, which may lead to cerebral infarction 
1 0 1  
and unavoidable mortality in early surgery following SAH. Up to the present, 
vasospasm of cerebral arteries cannot be treated clinically. All things con­
sidered, decreased platelet aggregation may be undesirable with regard to 
blocking the initial bleeding site, but may be desirable with regard to a lesser 
intensive vasospasm. The limited data presented here do not allow for final 
conclusions. It seems to be worthwhile to seek confirmation of these data in 
future studies and to investigate the release of serotonin and vasoactive amines 
from platelets following SAH. More insight into these processes may possibly 




P L A T E L E T  F UN C T I O N  IN R E LA T I O N  T O  
C O N S C I O U S N E S S  P A R A M E T E R S  
7.1 Introduction 
In chapter 4 a pronounced impairment of platelet function after severe brain 
injury has been observed. In addition, a significant relationship was assessed 
between consciousness parameters (motor responsiveness and total coma score, 
oculocephalic and oculovestibular response) and platelet aggregation para­
meters (ODmax, OD l O, slope) in the joint group of severely and slightly brain 
injured patients. On admission, an inverse correlation was present between 
the motor responsiveness score and ODmax. On days 2, 3 and 4 and in the 
second and third week (days 9 and 1 6) significant correlation coefficients were 
found between the various consciousness and aggregation parameters. In 
chapters 5 and 6 an impairment of platelet function was also observed in the 
cerebral infarction and SAH patients, resp. Both these distinct patient groups 
were too small in number for correlative studies with respect to consciousness 
and other criteria. It is feasible that the in chapter 4 assessed relationship 
between consciousness and platelet aggregation represents a general phenome­
non independent from brain injury alone. If this assumption is correct, a 
similar relationship might also be expected in other acute cerebral disorders 
with impaired consciousness. For that reason, the relationship between 
consciousness parameters and platelet aggregation parameters will be in­
vestigated in the joint group of cerebral infarction and SAH patients. Seen the 
relatively small number of data for the consecutive days of the study, these 
correlations will also be calculated in the joint group of severely and slightly 
brain injured, cerebral infarction and SAH patients. In the discussion of this 
chapter the separate correlations in the various groups will be compared. 
7.2 Results 
Table 7 . 1  demonstrates the correlation coefficients (Spearman rank) between 
consciousness parameters and platelet aggregation parameters of the j oint 
group of cerebral infarction and SAH patients. On day 1 a significant inverse 
correlation was present between the ODmax and oculocephalic or oculovesti­
bular response (p < .05 and p < .01 ,  resp.) . From day 1 up to day 9 no 
significant correlations were present. On days 1 6, 23 and 30 significant positive 
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Table 7.1 Correlation coefficients between consciousness parameters, platelet counts, arterial blood 
gases and platelet aggregation parameters on consecutive days in the joint group of cerebral infarction 
and SAH patients. 
admission thr pH Pa02 PaC02  Sa02 ODm OD10 tODm slope 
motor score . 258 . 338  . 171 . 171 - . 845 
total coma score . 258 . 338 . 171 . 171 -. 845 
OCR 
OVR 
(n = 5-6) 
(day 1) 
*** 
motor score . 1 39 .264 - . 804 - .053 - . 505 - . 388 - . 089 - . 192 . 030 
* * *  
total coma score . 044 . 393 - . 861 - . 1 59 - . 539 -. 398 - . 169 - . 172 . 01 1  
* 
OCR . 091 . 791 - . 580 -. 632 - . 108 -. 819  -. 567 - . 530 . 510 
* * *  
OVR . 207 . 791  -. 580 -. 632 - . 108 - . 846 - . 561 - .310 . 597 
(n = 5-13) 
(day 2) 
---- ----
motor score . 042 . 359 . 872 -. 359 . 892 -. 039 . 000 - . 068 - . 127 
total coma score . 171 . 359 . 872 -. 359 . 892 - . 043 - . 092 -. 267 -. 323 
OCR - . 352 . 461 . 367 - . 033  -. 680 
OVR - . 660 . 461 . 458 . 135 -. 569 
(n = 5-18) 
(day 3) 
motor score - . 055 . 866 - . 577 . 289 - . 148 - . 513  - . 263 - . 150 - . 1 65 
total coma score . 167 . 564 -. 667 . 154 - . 158 -. 349 - . 13 1  . 147 -. 228 
OCR . 085 . 094 . 141 . 360 - . 525 
OVR . 126 . 000 . 000 . 441 - . 289 
(n = 5-19) 
(day 4) 
motor score . 355 - . 225 . 451 . 290 . 453 . 242 . 378 . 272 -. 283 
total coma score . 439 -. 347 . 587 . 410 . 566 . 21 1  . 3 13  . 220 - . 084 
OCR . 155 . 639 . 596 . 233 -. 140 
OVR . 089 . 494 . 533 . 232 - . 1 1 6  
(n = 8-18) 
(day 5) 
motor score . 559 . 288 . 546 . 242 - . 464 
total coma score . 1 56 -. 079 . 154 . 278 - . 050 
OCR . 454 . 267 . 433 . 036 - . 300 
OVR . 41 8  . 1 14  . 305 . 078 . 076 
(n = 12-16) 
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Table 7.1 (continued) 
thr pH Pa02 PaC02 Sa02 ODm OD10 tODm slope 
(day 9) 
motor score - . 507 . 283 . 283 . 251  - . 393 
total coma score - . 371 - . 003 . 139 . 152 . 090 
OCR . 435 . 437 . 269 - . 441 
OVR . 300 . 501 . 409 - . 101 
(n = 7-17) 
(day 1 6) 
motor score . 372 . 473 . 007 . 191 - . 395 
* 
total coma score . 698 . 533  . 261 . 144 - . 413  
OCR . 518  . 052 . 053 - . 421 
OVR . 298 - . 038 . 189 - . 264 
(n = 6-1 8) 
(day 23) 
motor score 
* total coma score . 294 . 623 . 220 - . 232 - . 3 1 5  
OCR . 707 . 655 . 655 . 674 . 399 
OVR . 707 . 408 . 612 . 642 . 412 
(n = 5-15) 
(day 30) 
motor score . 581  . 581  . 504 - . 584 
* *  * * total coma score . 878 . 793 . 302 - . 822 
OCR 
OVR 
(n = 8-1 1) 
Spearman rank's correlation coefficients ; * :  p < .05 ; ** : p < .02 ; *** : p < .01 (two-tailed). 
correlations were present between the total coma score and the ODmax (p 
< .05, p < .05 and p < .02, resp.). 
Between consciousness parameters and platelet counts no significant correla­
lations were present. Between consciousness parameters and arterial blood 
gases significant correlations were present on day 1 ,  i.e., the motor responsiveness 
and total coma score correlations with the Pa02 (both p < .01) .  
Between platelet aggregation parameters and platelet counts or arterial 
blood gases significant correlations were only occasionally observed (table 
7.2) : between the slope and Pa02 or Sa02 significant correlation coefficients 
were present on day 1 (both p < .05). On day 1 6  a significant correlation was 
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Table 7.2 Correlation coefficients between platelet aggregation parameters, platelet counts and arterial 
blood gases on consecutive days in the joint group of cerebral infarction and SAH patients. 
(day 1) (day 2) 
thr pH Pa02 PaC02  Sa02 thr pH Pa02 PaC02 Sa02 
ODm - . 195 . 036 - . 296 - . 126 - . 342 . 1 1 8  - . 200 . 700 . 800 . 894 
ODlO -. 571 . 214 - . 593 - . 234 - . 559 - . 127 - . 100 . 600 . 600 . 894 
tODm - . 485 . 330 . 343 - . 695 . 61 1  - . 209 . 410 . 103 . 051  . 516  
* * 
slope . 486 - . 127 . 793 - . 055 . 826 . 201 . 616 - . 872 - . 275 - . 860 
(n = 7-10) (n = 5 · 1 1) 
(day 3 up to day 23) 
thr thr thr thr thr thr 
* ODm . 426 . 380 . 1 52 . 486 . 821 . 371 
*** OD10 . 055 - . 041 . 213 . 771 . 991 . 3 10 
tODm -. 017 - . 213  . 253 - . 087 . 617 . 488 
* 
slope - . 259 - . 122 - . 190 - . 486 - . 786 - . 048 
(n = 8) (n = 13) (n = 10) (n = 6) (n = 7) (n = 8) 
Spearman rank's correlation coefficients : * :  p < .05 ; ** : p < .02 ; *** : p < .01 (two-tailed). 
present between the platelet count and ODmax or OD1 0  (p < .05 and p 
< .01 ,  resp.). 
Significant correlations between the various consciousness and platelet 
aggregation parameters were present on days 2, 3, 4, 5, 9, 1 6  and 23 in the joint 
group of severely and slightly brain injured, cerebral infarction and SAH 
patients (table 7.3). On days 2 and 3 these correlations were more significant 
in relation with the ODmax. On days 4, 5, 9 and 1 6  the correlations were more 
significant with respect to the OD10. Of the consciousness parameters the 
oculocephalic reflex gave the most consistent presence of significancies (days 
2, 3, 4, 5, 9 and 23) in this joint group. 
Between consciousness parameters and platelet counts significant correlations 
were present on days 3, 4, 5 and 30. Between consciousness parameters and 
arterial blood gases significant correlations were present on admission, days 
3, 5 and 9. These correlation coefficients alternately concerned the Pa02, pH, 
PaC02 and Sa02 • 
Significant correlations between platelet aggregation parameters and platelet 
counts were present on days 3, 9 and 23 (table 7.4). Significant correlations 
between platelet aggregation parameters and arterial blood gases were present 
on admission and on day 3 .  
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Table 7.3 Correlation coefficients between consciousness parameters, platelet counts, arterial blood 
gases and platelet aggregation parameters on consecutive days in the joint group of severely and slightly 
brain injured, cerebral infarction and SAH patients. 
(admission) 
thr pH Pa02 PaC02  Sa02 ODm OD10 tODm slope 
* 
motor score . 225 - . 109 . 598 . 052 - . 014 - . 105 - . 247 - . 276 - . 028 
total coma score . 251 - . 064 . 550 . 066 - . 040 - . 069 - . 263 - . 290 - . 090 
OCR . 094 . 247 . 000 . 016 . 000 - . 337 - . 360 - . 453 - . 013  
OVR -. 449 - . 082 - . 412 . 183 - . 622 - . 129 - . 307 - . 547 - . 199 
(n = 5-17) 
(day 1) 
motor score . 040 . 072 - . 210 . 100 - . 1 19 . 037 . 059 - . 225 - . 083 
total coma score - .005 . 035 - . 129 . 088 - . 038 . 085 . 045 - . 270 -. 175 
OCR -.022 . 380 -. 168 - . 193 - . 123 . 180 . 074 - . 3 14 - . 195 
OVR . 105 . 303 . 150 -. 042 . 265 - . 134 - . 124 - . 308 - . 035  
(n  = 12-37) 
(day 2) 
* * *  * *  * * *  
motor score . 045 . 292 . 055 - . 3 66 . 147 . 554 . 448 . 214 - . 524 
* * *  **** 
total coma score . 142 . 253 - . 001 - . 381  . 1 1 6  . 563 . 334 . 042 - . 600 
*** **** 
OCR -. 141 . 156 . 390 - . 1 17 . 397 . 659 . 362 - . 056 -. 744 
* 
OVR -. 647 . 51 1  . 460 . 128 - . 587 
(n = 10-41) 
(day 3) 
motor score . 180 . 184 . 143 . 143 . 174 . 297 . 3 12 . 363 - . 048 
* ** 
total coma score . 309 . 205 . 240 . 027 . 230 . 457 . 368 . 368 - . 195 
** * * 
OCR . 130 . 758 . 095 . 204 . 273 . 521 . 532 . 456 - . 226 
OVR . 244 . 370 . 347 . 497 - . 092 
(n = 13-44) 
(day 4) 
* *** * * *  * 
motor score . 332 - . 136 . 264 . 078 . 109 . 493  . 569 . 413  - . 240 
* * *  *** **** 
total coma score . 412 - . 267 . 384 . 167 . 197 . 603 . 638  . 328 - . 3 15  
*** * *  
-. 397 OCR . 338 - . 224 . 522 . 356 . 479 . 645 . 590 . 177 
* 
OVR . 325 - . 150 . 501 . 327 . 723 . 471 . 520 . 199 - . 270 
(n = 8-44) 
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Table 7.3 (continued) 
(day 5) 
thr pH Pa02 PaC0 2  Sa02 ODm OD10 tODm slope 
***  motor score . 570 - .238 . 171 . 291 . 173 . 204 . 324 . 031  -. 315  
* * * total coma score . 412 - . 360 . 660 . 621 . 655 . 089 . 214 . 068 - . 122 
* OCR . 438 . 403 . 494 . 097 -. 383 
OVR . 602 . 161 . 355 . 098 - . 092 
(n = 6-32) 
(day 9) 
* * motor score - . 186 - .088 . 410 . 162 . 1 16  . 169 . 340 . 352 - . 068 
* total coma score - . 380 - . 073 . 704 . 088 . 253 . 096 . 3 10 . 222 . 077 
** OCR -. 274 - . 292 . 640 . 1 88 . 071 . 309 . 452 . 191 - . 251 
OVR -. 457 - . 154 . 185 . 031  -. 191 - . 092 . 154 . 243 . 1 87 
(n = 6-41) 
(day 16) 
*** **  ***  motor score . 1 19 . 448 - . 088 - . 3 1 8  . 447 . 408 . 257 - . 435 
**** **** * *** total coma score . 041 . 589 . 570 . 360 -. 504 
OCR . 329 . 439 . 397 . 195 . 403 
OVR . 090 . 176 . 140 . 185 - . 277 
(n = 6-38) 
(day 23) 
motor score - . 149 . 243 - . 299 - . 617 - . 246 . 295 . 214 . 255 - . 321 
total coma score - . 01 5  - . 296 - . 296 - . 728 . 345 . 135 - . 125 - . 361 
* * OCR . 170 . 598 . 569 . 451 - . 184 
OVR . 522 . 379 . 379 . 453 - . 035 
(n = 7·28) 
(day 30) 
* motor score - .71 1  . 158 . 048 . 035 - . 210 
total coma score . 061 . 1 36 . 059 . 047 - . 050 
OCR . 497 . 1 14  - . 080 - . 579 
OVR . 550 . 41 1  . 366 - . 560 
(n = 10-21) 
Spearman rank's correlation coefficients ; * :  p < .05 ; ** : p < .02 ;  *** : p < .01 ; **** : p < .001 
(two-tailed). 
Table 7.4 Correlation coefficients between platelet aggregation parameters, platelet counts and arterial 
blood gases on consecutive days in the joint group of severely and slightly brain injured, cerebral infarction 
and SAH patients. 
(admission) (day 1) 
thr pH Pa02 PaC02  Sa02 thr pH Pa02 PaC02  Sa02 
ODm - . 104 - . 367 - . 429 . 453 - . 603 . 1 76 - . 342 . 079 . 3 1 8  - . 062 
***  OD10 - .270 - . 450 - . 595 . ,766 - . 477 . 097 - . 1 52 - . 150 . 236 - . 254 
tODm - . 195 - . 079 - . 409 . 440 - . 1 32 . 126 . 305 - . 1 83 - . 057 - . 043 
slope . 064 . 322 . 415  - . 3 10 . 664 . 186 . 463 . 007 - . 436 . 087 
(n = 8-14) (n = 1 6-27) 
(day 2) (day 3) 
***  ***  * ODm . 069 . 121 . 245 - . 222 . 31 8  . 497 . 004 . 710 - . 093 . 627 
OD10 - . 220 - . 026 . 253 - . 001 . 151  . 187 . 133 . 535 . 060 . 459 
tODm - .206 - . 077 . 13 1  . 048 - . 029 -. 047 . 061 . 43 1  . 247 . 405 
* ***  slope . 010 - . 255 - . 169 . 275 - . 353 - . 394 . 305 . 044 . 71 6  . 096 
(n = 1 6-26) (n = 13-27) 
(day 4) (day 5) 
ODm . 358 - . 029 - . 023 - . 078 - . 1 14 . 056 . 153  . 037 -. 305 . 061 
OD10 - . 072 - . 1 1 3  . 258 . 193 . 037 - . 045 - . 299 . 33 3  . 055 . 359 
tODm - . 1 82 . 166 . 190 - . 178 . 044 - . 093 - . 244 . 379 . 106 . 486 
slope - . 224 . 307 . 054 - . 215 . 194 - .261 . 125 - . 274 . 024 - . 1 62 
(n = 15-28) (n = 10-21) 
(day 9 (day 1 6) 
ODm . 169 .436 - . 21 6  - . 503 - . 248 . 3 14 - . 382 . 290 - . 103 . 234 
OD10 . 097 . 412  . 040 - . 486  . 044 . 303 - . 088 . 232 - . 1 32 . 306 
* tODm - . 413  . 213 . 182 - . 1 17 . 1 1 6  . 127 . 134 - .265 . 224 . 21 8  
slope - . 3 17  - . 399 . 384 . 457 . 300 - . 330 . 353 - . 580 . 485 - . 296 
(n = 14-27) (n = 6-26) 
(day 23) (day 30) 
* ODm . 450 - . 273 . 273 . 655 - . 224 . 364 
OD10 . 282 - . 036 . 107 . 464 . 407 . 452 
tODm . 126 . 057 - . 524 . 1 12 - . 327 - . 208 
slope - . 1 58 - . 523 - .270 - . 1 98 - . 199 - . 380 
(n = 7-20) (n = 1 3) 
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7.3 Discussion 
The joint group of cerebral infarction and SAH patients. The positive significant 
correlations on days 1 6, 23 and 30 between total coma score and ODmax did 
not coincide with correlations between consciousness parameters and platelet 
counts. It is therefore concluded that the correlation between total coma score 
and ODmax is not brought about by accompanying fluctuations in platelet 
counts on these days and is present despite the - less - significant correlation 
between ODmax and platelet counts on day 1 6. 
Fig. 7. 1 Individual values and correlation coefficients between total coma score and ODmax 
on consecutive post-ictal days ; • = severely brain injured patients ; o = slightly 
brain injured patients ; !::,. = patients with cerebral infarction : D = SAH patients. 
r 1 = correlation coefficient of joint group of severely and slightly brain injured patients ; 
r 2 = correlation coefficient of joint group of cerebral infarction and SAH patients ; 
r 3 = correlation coefficient of joint group of severely and slightly brain injured, cerebral 
infarction and SAH patients. 
* = p < .05 ; * *  = p < .02 ; * * *  = p < .01 ; * * * *  = p < .001 .  
(Two-tailed Spearman rank's correlation test.) 
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The joint group of severely and slightly brain injured, cerebral infarction and 
SAH patients. The positive significant correlations between consciousness 
parameters and platelet aggregation parameters did not coincide with signifi­
cant correlations between consciousness parameters and platelet counts ; when 
significant correlations occurred between the latter two, these correlations were 
less significant than between the former. When correlations between the ODmax 
and platelet counts were significant, these correlations were less significant than 
between consciousness parameters and ODmax, with the exception of days 2 and 
23. It can therefore be concluded that the relationship between consciousness and 
platelet aggregation is generally not influenced by fluctuations in platelet counts. 
In order to get an insight into the contribution of the cerebral infarction and 
SAH patients to the significancies assessed in the joint group of severely and 
slightly brain injured, cerebral infarction and SAH patients, the correlation 
coefficients of this latter group can be compared the joint group of severely 
and slightly brain injured patients. It appears that the contribution with 
respect to the total coma score on the consecutive days of the study is derived 
from the brain injured patients, as is illustrated by fig. 7. 1 .  The contribution 
to significant correlation coefficients of oculocephalic response and platelet 
aggregation parameters comes from the brain injured as well as the cerebral 
infarction and SAH patients. Therefore, the relationship between consciousness 
and platelet aggregation parameters in the joint group of cerebral infarction 
and SAH patients is not only present in the later stage (days 1 6, 23 and 30), 
but probably also in the earlier post-ictal phase, as demonstrated by the sig­
nificant correlations in the joint group of severely and slightly brain injured, 
cerebral infarction and SAH patients. 
Thus the proposition could be confirmed that the relationship between con­
sciousness and platelet function is not only valid in brain injured patients, but 
also in other acute neurological disorders with impaired consciousness like 
cerebral infarction and SAH. The implications of this relationship will be 




A D D I T I O NA L  S T U D I E S  O N  
P LA T E L E T  FUN CT I O N  
I n  chapter 4 a relationship was assessed between the total coma score and 
motor responsiveness score of the patient and ADP-induced platelet aggrega­
tion parameters during an uninterrupted period of time post-trauma. In the 
cerebral infarction and SAH patients a similar relationship was found, in 
particular in the later post-ictal phase. The platelet function was impaired in 
proportion to the depth of unconsciousness. 
It is probable that impaired consciousness as determined by means of the 
clinical coma scale developed by Teasdale and Jennett (1974), indicates brain­
stem dysfunction. The lower ratings on the motor responsiveness score, 
i .e. ,  abnormal flexor spasms and extensor spasms represent diencephalic 
and mesencephalic disturbances, resp. (Plum and Posner, 1 972). In both 
the oculocephalic and oculovestibular responses the function of the vestibu­
lar nuclei situated in the midpontine area, plays a central role provided 
that the peripheral organs as proprioceptor receptors in neck muscles, 
the labyrinth and the afferent and efferent pathways are intact (Holmes, 
1 938). Both these reflexes can be considered to be acting like brainstem 
function parameters since, as unconsciousness becomes more impaired, the 
fast component of eye movement disappears and tonically conjugated eye 
deviation remains (Plum and Posner, 1 972). When unconsciousness further 
deepens the oculovestibular reflex may show a dysconjugate response on both 
sides of the irrigated ears, indicating internuclear ophthalmoplegia, which 
suggests pontine lesions involving the medial longitudinal fasciculus. When 
consciousness improves on the other hand, following transient herniation, for 
instance, the dysconjugate response changes into a conjugate one, indicating 
that the impaired response is reversible and can very well be due to functional 
instead of anatomical disturbances during unconsciousness. 
Blegvad's observations ( 1962) that in barbiturate intoxication dysconjugate 
eye movements are common, support the possibility of functional impairment. 
Consequently, the oculocephalic and oculovestibular responses can be alleged 
to represent functional brainstem reflexes during the state of impaired con­
sciousness. The highly significant interrelationships between these parameters 
and the clinical coma scale parameters in particular during the first two post­
ictal weeks, as assessed in chapter 3, further substantiate this opinion. The 
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ascending reticular activating system (ARAS) as discovered by Moruzzi and 
Magoun ( 1949) is of paramount importance with respect to consciousness. 
The ARAS is situated within the rostral reticular formation extending from 
the mesencephalon to the hypothalamus and thalamus, projecting diffusely to 
the · cerebral cortex. After impairment or injury of the ARAS a slow syn­
chronized EEG and coma ensues (Moruzzi, 1972). 
In an attempt to correlate the clinical consciousness parameters to physiolo­
gical entities, it may be proposed that these parameters indicate the activity of 
the ARAS. Or, in other words, the consciousness parameters can be assumed 
to represent functional brainstem parameters from the midpontine area up 
to the rostral part of the brainstem. 
There is growing evidence that, apart from specific changes in the EEG after 
lesioning of certain areas in the brainstem, alterations of the EEG are con­
current with changes in consciousness which are brought about by influencing 
the activity of several putative cerebral neurotransmitters. Jouvet ( 1972) 
pointed to the determinant role of cerebral serotonin in the induction of slow­
wave sleep and for the priming mechanism of paradoxical sleep. The cerebral 
noradrenergic and acetylcholinergic systems are involved, among other things, 
in the maintenance of tonic behavourial and EEG arousal (Jouvet, 1 972). 
Alterations in cerebral neurotransmitter metabolism have also been observed 
during changes in consciousness other than those in sleep activity. In animal 
experiments as well as in man an increased cerebral serotonergic turnover has 
been related with hepatic coma (Fisher, 1 974 ; Knell et al. ,  1974). It has been 
found that during unconsciousness after brain trauma the assumed cerebral 
serotonin turnover was greater than after regaining consciousness, as indicated 
by changes in the concentration 5-HIAA of the main metabolite of serotonin 
in the lumbar CSF (Vecht et al. ,  1 975c and d). The concentrations of HVA, 
the main metabolite of dopamine in man, did not correlate with the state of 
consciousness. 
Thus it seems that apart from the clinical coma scale parameters, the cerebral 
serotonergic metabolism may to a certain extent indicate changes in brainstem 
function. Histochemical studies have demonstrated that the cell bodies of the 
cerebral serotonin neurons are mainly localized in the raphe nuclei in the 
lower brainstem and in the caudal raphe nuclei in the mesencephalon (Dahlstrom 
and Fuxe, 1965). 
In summary, the studies mentioned here indicate that certain changes in both 
the cerebral serotonergic activity and the EEG may be related to alterations in 
consciousness and probably to changes in brainstem function. As already 
stated, it was suggested that the consciousness parameters represent changes in 
brainstem function. It might thus be of interest to verify whether platelet 
function which was observed to correlate with the consciousness parameters, 
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correlates to other 'brainstem parameters' as well. For that reason, in this 
chapter the platelet aggregation parameters will be correlated to characteristic 
patterns on BEG recordings. In addition the platelet aggregation will be 
correlated to the lumbar CSF concentrations of the metabolites of serotonin 
as well as of dopamine. 
At the end of this chapter, the platelet parameters will be related to the 
concentration of intracellular platelet cyclic 3 ' ,5'-adenosine monophosphate 
(cyclic AMP), in order to get more insight into the nature of changes in platelet 
function following acute neurological disorders. 
8.2 EEG 
It has been shown in man that in the presence of brainstem lesions, which in­
volve the mesencephalic reticular formation, bilateral synchronous BEG 
slowing usually happens (Loeb, 1958). Besides this slow wave activity, paroxys­
mal bursts of high voltage, bifrontal synchronous 2- to 4-per-second waves 
are frequently seen. This activity is called frontal intermittent rhythmic delta 
activity (FIRDA), or synonymously triphasic waves, pseudoparoxysmal waves 
and monorhythmic sinusoidal delta activity (Van der Drift, 1957). In lower 
brainstem syndromes frequently a normal BEG pattern is observed despite 
the presence of unconsciousness, while in the higher brainstem syndromes slow 
wave activity and paroxysmal theta and delta waves are often seen (Gastaut, 
1954 ;  Marquardsen and Harvald, 1964). Boonstra et al. ( 1967) showed that 
FIRDA probably reflects a disturbance in the proximal part of the brainstem 
indicated by the site of brainstem lesions at autopsy. Therefore, the question 
arose whether an impaired platelet aggregation coincides with FIRDA activity 
on the BEG. This could indicate a relationship between rostral brainstem 
disturbances and platelet aggregation. On the other hand, it is possible that 
platelet aggregation is not specifically related to brainstem function but to 
general aspecific cerebral disturbances. If this is the case, platelet function 
might be associated with aspecific patterns like diffuse slow activity, dominant 
occipital background activity and L-R differences. 
Hence the following two hypotheses will be investigated : 
(a) Decreased ADP-induced platelet aggregation is related to the presence of 
FIRDA on the BEG. 
(b) Decreased ADP-induced platelet aggregation is related to aspecific in­
fluences on the BEG like diffuse slowing, dominant occipital background 
activity or L-R differences. 
Methods 
The BEG's of the patients with a brain injury, stroke or SAH were judged by 
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Table 8 . 1  Relationship between EEG recordings and platelet aggregation in brain injured patients.1 
dominant occipital FIRDA L-R difference 
diffuse activity activity 
ODmax slope ODmax slope ODmax slope ODmax slope 
normal activity 38.7 16.3 49.0 15 .3  43.2 13 .6 43.0 24.0 
on EEG ± 3 .5  ± 2.5 ± 5.5 ± 4.3 ± 3.7 ± 2.8 ± 15.0 ± 3 .0 
(10) (10) (3) (3) (9) (9) (2) (2) 
*** abnormal activity 32.5 19.5 33.2 18 .5 29.9 21 .2 34.6 17.5 
on EEG ± 2.7 ± 3.2 ± 2 .1  ± 2.3 ± 1 .5 ± 2.6 ± 2.1 ± 2.2 
(12) (12) (19) (19) (13) (13) (20) (20) 
1 ODmax and slope are represented as X: ± SEM, number of observations in parentheses. BEG 
recordings and platelet aggregation have both been performed within a period of 24 hours. 
*** Significantly different (p < .01, one-tailed Mann-Whitney test) from corresponding normal 
activity on BEG. 
the clinical neurophysiologist (Dr. S. Boonstra). Four categories were distin­
guished : 
- diffuse slowing: 
1 .  no diffuse irregular slow waves ; 
2. irregular alpha and theta waves mainly ; 
3. irregular theta waves mainly ; 
4. irregular delta waves mainly. 
- dominant occipital background activity: 
1 .  alpha waves mainly ; 
2. alpha and theta waves mainly ; 
3. theta waves mainly ; 
4. delta waves mainly. 
- FIRDA: 
1 .  not present ; 
2. present less than once a minute ; 
3. present more than once a minute. 
- L-R dUferences: 
1 .  absent ; 
2. intermittently present ; 
3. continuously present. 
The BEG data were related to the parameters of the ADP-induced platelet 
aggregation. Only those data were combined which showed at most one or 
two days variation. Because of the relatively small number of data, the variables 
2, 3 or 4 of the BEG parameters were added up and compared to the variable 
representing normal BEG function : 1 .  
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Table 8.2 Relationship between EEG recordings and platelet aggregation in cerebral infarction and 
SAH patients.1 
diffuse activity dominant occipital FIRDA L-R difference 
activity 
ODmax slope ODmax slope ODmax slope ODmax slope 
normal activity 32.2 17.1 3 1 .0 18 .7 33 .4 17.0 30.0 1 6.3 
on EEG ± 3 .2 ± 2.3 ± 4.9 ± 3 .2 ± 3 .1  ± 2.3 ± 5.1 ± 2.7 
(9) (9) (6) (6) (9) (9) (3) (3) 
- ---
abnormal activity 37.4 17.4 36.4 14.9 35.2 17.6 35.2 17.4 
on EEG ± 4.6 ± 3.3 ± 2.7 ± 2.5 ± 5.1  ± 3 .3 ± 3 .0 ± 2.2 
(5) (5) (8) (8) (5) (5) (11)  (11) 
1 See legends of table 8 . 1 .  
Results 
Tables 8 . 1  and 8.2 show the average values of the ODmax and initial 
slope of the aggregation curve in relation to each of the parameters on the 
EEG in patients with severe or slight brain injury (table 8 . 1) and in patients 
with a cerebral infarction or SAH (table 8.2), resp. Table 8 . 1 shows a decreased 
ODmax and a flattened slope in the presence of diffuse slowing, slow dominant 
occipital background activity, FIRDA and L-R differences. The relationship 
between decreased ODmax and the occurrence of FIRDA is significant (p 
< .01) and is shown separately in fig. 8 . 1 .  
Table 8.2, representing the cerebral infarction and SAH patients, shows that 
normal as well as abnormal patterns on EEG recordings coincide with dimin­
ished platelet aggregability. The latter is most pronounced during the ab­
normal recordings. The differences in ODmax and slope between normal and 
abnormal recordings are much less marked in these cerebral infarction and 
SAH patients and significant differences were not present. 
In chapter 4, it has been shown that a diminished platelet aggregability is 
mainly present in the acute post-traumatic period. Hence it was checked 
whether a difference in the period post-trauma was related to absence or 
presence of FIRDA on the EEG with respect to brain injured patients. There 
was no significant relationship (p > .05, one-tailed Mann-Whitney test). Thus 
the relation assessed between FIRDA and the ODmax was not caused by 
differences in post-traumatic time of EEG recordings. 
Discussion 
The first hypothesis could be confirmed : in the brain injured patients a 
significantly decreased ODmax was present concomitant with FIRDA recor­
dings. Similar results could not be observed in the cerebral infarction and 
SAH patients. 
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The second hypothesis had to be rejected for all groups of patients because 
no significant changes were found with respect to diffuse slow activity, domi­
nant occipital background or L-R differences. The absence of a aspecific 
cerebral influence as indicated by means of BEG recordings, accentuates the 
specific relation which FIRDA represents. As discussed earlier, the appearance 
of FIRDA represents a disturbance in the rostral part of the brainstem 
(Marquardsen and Harvald, 1964 ; Boonstra et al. ,  1 967). Thus it is concluded 
that a decrease in ADP-induced platelet aggregation as indicated by the ODmax 
is related to rostral brainstem dysfunction, at least in the brain injured patients. 
In chapter 9 these results will be discussed further. 
8.3 Monoaminergic metabolites 
Homovanillic acid (HVA) and 5-hydroxyindoleacetic acid (5-HIAA) are the 
main metabolites of the putative cerebral neurotransmitters dopamine and 
serotonin, resp. The drug probenecid inhibits the active transport of these 
acids from the brain (Werdinius, 1967 ; Neff et al. ,  1 967) and CSF (Guldberg 
et al. ,  1 966 ; Olsson and Roos, 1968) to the blood. As a result the probenecid­
induced accumulation of HV A and 5-HIAA in the lumbar CSF may be used in 
man as an indication of the cerebral turnover of dopamine and serotonin 
Fig. 8 . 1  Individual values of ODmax and initial slope of ADP-induced aggregation curve in 
brain injured patients in relation to FIRDA on the EEG ; e = severely brain injured patients ; 
0 = slightly brain injured patients. Dotted lines represent corresponding mean values. 
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Fig. 8.2 and 8.3 HV A (top) and 5-HIAA (below) concentrations in lumbar CSF of brain 
injured patients during post-traumatic course ; 0 = conscious patients (total coma score � 13  
points at  the moment of  the lumbar puncture) ; e = unconscious patients (total coma score 
� 12 points at the moment of the lumbar puncture). Shaded areas represent control group 
(x ± SEM). * indicates significant difference from corresponding conscious patients (p < .001, 
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(Bowers, 1970 ; Moir et al. ,  1 970 ;  Korf and Van Praag, 197 1 ; Garelis et al. ,  
1 974). Fig. 8 . 2  and 8 . 3  illustrate the cerebral dopamine and serotonin metab­
olism following severe head injury, as indicated by the concentrations of 
probenecid-induced HVA and 5-HIAA in the lumbar CSF (Vecht et al. ,  
1975e). The first five days post-trauma no significant changes were present in 
both HVA and 5-HIAA, probably due to blood-brain-barrier defects, haemor­
rhagic CSF and other disturbances (Klatzo et al. ,  1 958). Fig. 8 .2 shows that 
the HVA concentrations are decreased post-trauma and that the state of 
consciousness does not make any difference to the HVA levels. Between 6-20 
and 21 -60 days after brain injury the unconscious patients show a significant 
increase in 5-HIAA concentrations as compared to the conscious patients as 
well as a - non-significant - absolute increase between 6-20 days as compared 
to the control group (fig. 8.2) .  Thus it is conceivable that the state of conscious­
ness in the post-traumatic phase has a relationship to the cerebral serotonergic 
metabolism, but does not have a relationship to the cerebral dopaminergic 
metabolism. As discussed before, an impaired consciousness and an alteration 
in cerebral serotonergic activity, may both represent a disturbance in the brain­
stem. In this connection, it is important to know whether platelet inhi­
bition, which correlates with the state of consciousness, correlates with the 
concentrations of 5-HIAA in the lumbar CSF as well. 
Therefore, the following hypotheses will be considered : (a) ADP-induced 
platelet aggregation has no correlation with the concentration of the probene­
cid-induced HVA in the lumbar CSF. (b) ADP-induced platelet aggregation 
shows an inverse correlation with the concentration of the probenecid-induced 
5-HIAA in the lumbar CSF. 
Methods 
After blood sampling for ADP-induced aggregation, probenecid was adminis­
tered according to Van Praag et al. (1973) . Lumbar CSF was collected eight 
hours after the first probenecid administration. Patients treated with 1 -dopa 
derivatives were excluded from the study. All determinations were done later 
than five days post-trauma. They were performed with blood and CSF samples 
of 1 1  patients of whom six belonged to the severely brain injured group and one 
tot the slightly brain injured group. Four other brain injured patients (three 
severely, one slightly injured) who were later admitted to hospital than the 
patients described in this study, were also included in this series. 
Results 
Table 8 .3  shows the correlation coefficients between the platelet aggregation 
parameters and HVA and 5-HIAA concentrations. The ODmax and OD 1 0  did 
not correlate with the HV A or the 5-HIAA concentrations. The slope of the 
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ADP-induced platelet aggregation curve correlated significantly with the 
lumbar 5-HIAA CSF concentrations (p < .025), as illustrated in fig. 8 .4. 
HV A, 5-HIAA and probenecid did not correlate significantly with each other. 
Discussion 
The first hypothesis which excluded a relationship between HV A concentra­
tions and platelet aggregation could be confirmed. Concerning the second 
hypothesis, no significant inverse relation was found with respect to the 
ODmax and OD10. The slope of the ADP-induced aggregation curve 
correlated positively with the lumbar 5-HIAA CSF concentrations . Thus, the 
second formulated hypothesis is partly confirmed. The significance of the 
correlation between the slope of the aggregation curve and 5-HIAA levels is 
the more important since these results were obtained after day 5 post-trauma. 
The ODmax and slope of the aggregation curve show their maximal decrease 
during the first five days following injury. Thus the correlation between the 
slope of the aggregation curve and 5-HIAA concentrations carries more 
weight since it may refer to a general phenomenon, which is not only connected 
with the acute post-traumatic phase. This conclusion may support the proposed 
relationship between platelet aggregation and assumed cerebral serotonergic 
activity. In chapter 9 these results will be discussed further. 
8.4 Cyclic AMP 
It has been shown that catecholamines can initiate aggregation by acting on 
alpha-receptors of the platelet membrane and can inhibit aggregation by 
acting on beta-receptors (Mills and Roberts, 1967). It is assumed that the 
alpha-adrenergic receptor inhibits platelet adenyl cyclase which causes a 
decrease in intracellular cyclic 3 ' ,5'-adenosine monophosphate (cyclic AMP) 
resulting in an increased platelet aggregation (Zieve and Greenough, 1969) . 
Table 8 .3 Correlation coefficients between monoaminergic metabolites and platelet aggregation 
in brain injuredpatients1• 
HVA- HVA- HVA-
ODmax OD10 slope 
.26 .28 .03 
5-HIAA- 5-HIAA- 5-HIAA-
ODmax OD10 slope 
-.41 -.3 5  .67** 
HVA- HVA- 5-HIAA-
5-HIAA pro b . pro b .  
. 3 1  . 19  .43 
1 Spearman rank's correlation coefficients were performed in 11 brain injured patients ; 
* * :  p < .025 (one-tailed). 
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Table 8 .4 Correlation coefficients between cyclic AMP and platelet aggregation parameters1• 
cyclic AMP-ODmax cyclic AMP-ODlO cyclic AMP-slope 
*** *** *** - .66 - .68 .69 
(15) (15) (15) 
1 Spearman rank's correlation coefficients ; number of patients in parentheses ; *** : p < .01 
(one-tailed). 
The beta-adrenergic action is mediated by stimulation of adenyl cyclase, 
which increases cyclic AMP resulting in an inhibition of platelet aggregation. 
(Salzman et al. ,  1 970) . 
It is conceivable that, besides cyclic AMP, cyclic 3 ' ,5'-guanosine monophos­
phate (cyclic GMP) plays a role in platelet aggregation (Hidaka et al. ,  1 974). 
As far as known, the intracellular cyclic GMP concentration may partly 
depend upon the acetylcholine action on the guanyl cyclase of the cell membrane 
(Illiano et al. ,  1 973). In several experimental conditions acetylcholine brought 
about an increase in intracellular cyclic GMP (Pasternak, 1974 ; Goldberg, 
1974). There is a second argument which supports a possible cholinergic 
Fig. 8 .4 Individual values and correlation coefficient between 5-HIAA concentration in 
lumbar CSF and initial slope of ADP-induced platelet aggregation curve in brain injured 
patients (r = .67 ; p < .025 ; one-tailed Spearman rank's correlation test). 
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influence upon platelet aggregation : acetylcholine-esterase has been demon­
strated in platelets and the addition of acetylcholine-esterase inhibitors resulted 
in an inhibition of platelet aggregability (Saba and Mason, 1 970). 
Following head injury an increase in catecholamine as well as acetylcholine 
concentrations in the circulating blood has been observed (Grashchenkov et al. ,  
1 965). It  may be assumed that these increased levels have their effect on the 
platelet membrane resulting in decreased platelet aggregability via beta­
adrenergic platelet adenyl cyclase and, more speculatively, guanyl cyclase 
stimulation. If this assumption is correct, it can be expected that intracellular 
concentrations of cyclic AMP and cyclic GMP are raised and are related to the 
impaired platelet aggregation following brain injury. To examine this propo­
sition, the following hypothesis was tested : the degree of platelet aggregation is 
inversely proportional to intracellular platelet cyclic AMP concentration. 
Methods 
Blood for platelet aggregation and cyclic AMP assays was concurrently 
drawn from six patients with severe brain injury and from nine patients 
with a stroke or SAH. The six brain injured patients all had sustained a 
closed brain jnjury and were later added to the study than the group with 
Fig. 8 .5  Individual values and correlation coefficient between intracellular platelet cyclic 
AMP and ODmax of ADP-induced platelet aggregation curve ; • = severely brain injured 
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severe brain injury as represented in table 3 .3 .  The total coma score of these 
six patients was 8 points or less during at least six hours. They remained 
unconscious from three up to 60 days. One patient died after 48 hours. 
The pa6ents with cerebral infarction or SAH included patients no. 6 1 ,  63, 7 1  
and 75 .  Furthermore, this group of  patients consisted of  two patients with 
an ischaemic cerebral infarction and three patients with a haemorrhagic 
cerebral infarction of whom two died. In all patients blood was collected more 
than once. The recordings of the last assays (one per patient) were used in the 
correlation statistics. Cyclic AMP assay has been described in 3.2. 
Results 
Table 8 .4 shows the correlation coefficients in the joint group of brain 
injured, cerebral infarction and SAH patients (n= 1 5). In this group signif­
icant inverse correlations also were present between aggregation parameters 
and cyclic AMP concentrations. Fig. 8 .5  illustrates the correlation between 
cyclic AMP and ODmax. 
Discussion 
The proposed hypothesis relating platelet aggregation to intracellular platelet 
cyclic AMP concentrations after brain injury, cerebral infarction and SAH, 
could be confirmed. As qiscussed earlier, it is felt that this implies an in­
creased beta-adrenergic activity following acute neurological disorders. 
Whether increased cyclic GMP concentrations are present also remains 
speculative. The further implications of the correlation assessed here, will be 
discussed in the next chapter. Two other theoretical possibilities for a 
decrease in platelet aggregation, are increased concentrations of prostaglandin 
E1 and adenosine in the circulating blood (Smith and MacFarlane, 1 974). 
Studies on these subjects were not done. 
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CHAPTER 9 
GENERAL D I S C U S S I O N  
9.1 Disseminated intravascular coagulation 
An important aspect of this study was to ascertain whether injury to the brain 
induces specific changes in coagulation during the post-traumatic period. In 
addition, interest was directed at the presence of DIC as well as at the influence 
of blood transfusion on haemostasis and pulmonary function. In chapter 4.3 
the results of these investigations are considered in detail. Besides the brain 
injured patients, surgical patients with long bone fractures were included in the 
study as a control group because any trauma produces numerous changes in 
metabolic and haemostatic functions of the body (Sevitt and Stoner, 1 970 ; 
Kovach et al. ,  1 973). 
Following trauma a state of 'hypercoagulability' ,  which can be regarded as a 
state of activated coagulation, is generally present in the first hours after 
injury (Flute, 1970). This is followed by a 'hypocoagulability state' (Innes and 
Sevitt, 1 964) as indicated by prolonged coagulation screening tests and im­
pairment of fibrinolysis. According to some authors (McKay, 1965 ; Hardaway, 
1966) the presence of shock following trauma induces haemostatic abnormalities 
and may even trigger DIC, but certainty on this point still has to be obtained 
(Salzman, 1968) .  The absence of evident abnormalities in fibrin formation, 
fibrinolysis and platelet aggregation in the surgical patient group can be ex­
plained by the absence of shock or other complications in this group. Simmons 
et al. ( 1969) reported similar results. 
The activated coagulation on admission in the fatally and severely brain 
injured patients studied here is in agreement with data from both patients 
with multiple trauma (Innes and Sevitt, 1964) or craniocerebral injury and 
from animal experiments (Obrzut et al. ,  1 967 ; Attar et al. ,  1 969). This activated 
coagulation can be explained in several ways. Following injury, tissue throm­
boplastin may be released into the general circulation activating the extrinsic 
clotting pathway. Damaged brain tissue in particular, which is rich in throm­
boplastic material, may give rise to this acceleration as many have proposed 
(Bang and McDowell, 1966, Obrzut et al. ,  1 967 ; Keimowitz and Annis, 1 973). 
Injury to the vessel wall exposes blood to collagen resulting in activation of the 
intrinsic clotting system and aggregation of platelets. Furthermore, following 
trauma increased concentrations of catecholamines appear in the systemic 
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circulation, inducing a state of hypercoagulability (Cannon and Gray, 19 14). 
Theoretically, regulatory influences of the CNS upon blood coagulation as 
shown in experimental conditions (Markossian and Yakounine, 1961 ; Baluda 
et al. ,  1972) may cause hypercoagulation followed by a period of hypocoagul­
ability (Obrzut et al. ,  1967) . 
In a study similar to the one performed here, Goodnight et al. ( 1974) observed 
much lower fibrinogen and coagulation factor levels than those measured in 
this investigation. The clinical outcome and severity of injury were identical 
in Goodnight's study and the present one. The most outstanding difference is 
probably that they described mainly patients with brain-tissue destruction due 
to gunshots, while this study dealt with closed head trauma. In two case reports 
afibrinogenaemia was also found in brain injury due to gunshots (Druskin 
and Drijanski, 1972 ; Keimowitz and Annis, 1973). In these conditions it 
seems highly likely that thromboplastic material originating from the gunshot 
wounded brain rapidly enters the systemic circulation. This is followed by a 
strong activation of coagulation. During a brief period large amounts of 
coagulation factors and fibrinogen are consumed and on admission to the 
hospital low factor levels will be found. After closed head trauma which is an 
acceleration-deacceleration type of trauma (Ommaya and Gennarelli, 1974), 
the amount of directly damaged brain-tissue is probably much less. Thus the 
type of brain injury may explain the considerable difference in factor levels 
shortly after the ictus. This could also account for the specific laboratory 
findings and clinical symptoms of DIC as reported in the above-mentioned 
studies. The consistent positivity of the plasma protamine paracoagulation 
test of Goodnight was a decisive argument in that respect. 
The protamine test (Kidder et al. ,  1 972) demonstrates the presence of 
circulating SFMC, consisting of complexes of fibrin-monomer/fibrinogen and 
fibrin-monomer/fibrin degradation products. The presence of fibrin monomers 
proves thrombin activity and can be demonstrated by ethanol or protamine 
which causes these fibrin monomers to gelate into fibrin. Unfortunately, a 
protamine test may be false-positive through the presence of early FDP alone 
(Seaman, 1970 ; Niewarowski and Gurewich, 197 1). 
For the present, the occurrence of SFMC in the blood is the only proof of a 
concurrent fibrinogen-fibrin conversion and fibrinolysis, and without that 
proof the diagnosis of DIC is regarded to be untenable (Gurewich, 1974). The 
positive protamine test in their study of cerebral gunshot injury proved to 
Goodnight et al. (1974) the presence of intravascular coagulation, but they did 
not observe an active defibrination. In the present study the invariably negative 
ethanol test in the cases of closed brain trauma provides a strong argument 
against the occurrence of DIC following closed brain injury. This is substan­
tiated by the spontaneous and rapid return to normal of initial coagulation 
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abnormalities in the severely brain injured patients and the absence of hae­
morrhagic diathesis or renal insufficiency. Thus heparin therapy to prevent 
further fibrinogen-fibrin conversion is not indicated and might even be contrain­
dicated on account of the danger of intracranial bleeding. Moreover, anti­
fibrinolytic agents like epsilon-aminocaproic acid (EACA) and tranexamic acid 
(AMCHA) are dangerous because they may lead to persistent obstruction of the 
microcirculation. An increased fibrinolysis following trauma or in the presence 
of DIC must be regarded as a beneficial physiological response (Borowiecki and 
Sharp, 1969 ; Flute, 1970 ; Malleson, 197 4). 
9.2 Hypocoagulability* 
After the first 24 hours post-trauma, the overall haemostatic status of the brain 
injured patients points clearly to a state of hypocoagulability. The most im­
portant factor may be the impairment of platelet function, even up to seven 
weeks after injury: Furthermore, the antithrombin III levels showed a steady 
tendency to increasing values with lapse of time ; the pathological limits were 
not exceeded, however. Further evidence for a hypocoagulability state is given 
by a prolongation of the Thrombotest (Owren). Values of 30-60 % are com­
mon findings 48 hours and later after brain trauma (unpublished observations). 
Clinically this hypocoagulability is manifested by the near abscence of 
thromboembolic complications in the brain injured group which did not 
receive anticoagulants. Only one of the 30 patients, a woman with diabetes 
and hypertension, developed a non-fatal deep vein thrombosis. It is interesting 
to mention in this context that fatal embolism occurs in 6.2 % to 46 % of patients 
with injuries of the lower limbs, not receiving anticoagulants as a routine 
following injury, as reviewed by Sevitt (1970). 
The platelet impairment during the first two weeks following brain injury may 
have other clinical implications as well. In case of shock which is often en­
countered on admission, a careful approach to avoid platelet-inhibiting plasma 
expanders might be warranted. Dextran solutions are often employed as 
plasma substitutes in case of shock post-trauma. Because of their platelet 
aggregation-inhibiting action (Werner, 1974), it seems sensible to prefer 
modified gelations as plasma substitutes in case of craniocerebral trauma. 
9.3 Arterial hypoxia 
A low Pa02 together with respiratory alkalosis are common findings after 
severe brain injury (Sinha et al. , 1 973 ; King et al. , 1 974) and were also seen in 
* For clinical aspects concerning haemostasis in relation to cerebral infarction and SAH, the 
reader is referred to chapters 5 and 6, resp. 
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this study. On admission the Pa02 of the joint group of the severely and slightly 
brain injured patients appeared to correlate significantly with several con­
sciousness parameters. This correlation could indicate a relationship between 
the severity of brain trauma and the decreased Pa02, as was also found by 
Sugimoto et al. ( 1974). In chapter 4 it was discussed that this could be explained 
by an increased sympathetic, particularly an alpha-adrenergic, outflow (Berman 
et al. ,  1969 ; Moss et al. ,  197 4b) resulting in increased pulmonary hypertension, 
increased alveolar-arterial P02 differences and pulmonary shunting. Apart 
from these pathophysiological changes in pulmonary function, a low Pa02 
can also be produced by other disturbances. Aspiration, bronchopulmonary 
infections, elevated FF A levels damaging the alveolar endothelium, direct 
chest injury and fat embolism for instance, can all affect the Pa02.  It was found 
in the severely brain injured group that the presence of long bone fractures 
significantly coincides with a lower Pa02 and Sa02 on days 2, 4 and 5 post­
trauma. Because the severely brain injured patients with and without long bone 
fractures showed the same impairment of consciousness, it was suggested that 
fat emboli originating from the fractured bone could be the causative factor. 
Nevertheless, none of these patients showed clinical signs or symptoms of the 
fat embolism syndrome. All things considered, clinically arterial hypoxia 
following severe injury probably has a multiple origin in which fat emboli 
originating from long bone fracture, FF A, increased sympathetic outflow and 
direct chest injury or pulmonary complications play a role. 
9.4 Blood transfusions 
Having traced the haemostatic status and rejecting DIC as a regular phenom­
enon following brain injury, the question arose whether blood transfusions 
could induce DIC or pulmonary dysfunction, in particular fat embolism. 
Because bank blood can contain procoagulant-like substances like platelet and 
leukocyte aggregates (Connell and Swank, 1973), these complications are 
suggested to occur especially following trauma (Miller et al. ,  1962 ; Ponsen, 
1970). On the other hand, blood transfusion, among other things, is strongly 
advocated in the treatment of fat embolism (Peltier et al. ,  1 974). Packed red 
cells or fresh bank blood do not possess the harmful qualities of stored blood. 
Moreover, in these former transfusions the 2-3 diphosphoglycerate (DPG) 
content of the erythrocyte is not or only slightly decreased, providing a much less 
affected oxygen delivery to tissues than stored bank blood. In our investigation 
too few blood transfusions were given on the consecutive days of the study for 
statistical comparison. Nevertheless, fig. 4. 19  up to 4.23 show that neither 
fibrin formation nor arterial blood gases seem to have been consistently affected 
following blood transfusion. With respect to platelet count and platelet 
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function no clear influence of blood transfusions in the joint group of severely 
and slightly brain injured patients was present. In chapter 3, however, was 
shown that in the joint group of severely and slightly brain injured, cerebral in­
farction and SAH patients the transfusion of blood correlated with a decrease 
in platelet count and in ADP-induced platelet aggregation during the first 
post-ictal days. This indicates that transfusions have at least some influence 
on platelet function. This effect may be explained by the presence of less viable 
platelets in bank blood. 
With respect to fibrin formation or pulmonary function as represented by 
arterial blood gases no changes were induced by transfusion. In particular, 
the clinical signs and symptoms indicating DIC or fat embolism were absent. 
Thus there seems to be no special contraindication regarding transfusion 
of fresh blood following brain trauma. 
In chapter 4 an extensive discussion has indeed been devoted to the advantage 
of supplying the haemoglobin deficit in order to compensate the decreased 
oxygen availability for brain tissue. On theoretical grounds it was concluded 
that maintaining an approximately normal Hb level is one of the mandatory 
therapeutic goals following brain trauma. 
9.5 Platelet function and the CNS 
In the severely brain injured patients a significant decrease of the ODmax of 
the ADP-induced platelet aggregation curve was found during the first two 
weeks post-trauma, except on admission to the hospitaL From the third up to 
the seventh week platelet aggregation parameters had somewhat subnormal 
values. The slightly brain injured patients showed a borderline-low decreased 
platelet aggregation, but values were not significantly decreased compared to 
the surgical control group. The platelet aggregation data of the joint group of 
severely and slightly brain injured patients showed a significant correlation 
with parameters representing the state of consciousness of the patient during 
an uninterrupted period of time up to two weeks post-trauma. Because 
numerous correlation coefficients were computed on each of the consecutive 
days of the study, a single significant correlation has actually no significance. 
Significant correlations were regarded to be meaningful, when they occurred 
during a more or less uninterrupted period of time. That way the presence of 
other factors which contributed to the relationship between ADP-induced 
platelet aggregation and the state of consciousness could be excluded. Neither 
platelet counts nor changes in pulmonary function as determined by the 
arterial blood gases correlated consistently with platelet aggregation or con­
sciousness parameters. Significant correlations between these parameters 
were present on some days, but occurred either inconsistently or were less 
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significantly present than the correlations between platelet aggregation and 
consciousness parameters. Furthermore, it could be ruled out that the presence 
of long bone fractures substantially contributed to the decrease in platelet 
function. Blood transfusions given 24 hours or shorter before blood was drawn 
for platelet studies did not clearly influence platelet function in the joint group 
of severely and slightly brain injured patients. On these grounds it was con­
cluded that the relationship between ADP-induced platelet aggregation and 
consciousness parameters depended only on cerebral factors. 
Platelet function in patients with cerebral infarction or SAH was primarily 
studied to ascertain whether the inhibition of platelet function was also present 
in other acute neurological disorders with impairment of consciousness. A 
decrease in platelet function was indeed observed in these patients during 
post-ictal course but to a lesser extent than in the brain injured patients. The 
course of platelet aggregation showed a minimum between 6-72 hours following 
the ictus, being similar to that of the brain injured group. During the later 
post-ictal phase (on days 1 6, 23 and 30) significant positive correlations were 
present between the total coma score and ODmax in the joint of cerebral 
infarction and SAH patients. Moreover, when the three groups, i .e . ,  the brain 
injured, cerebral infarction and SAH patients were regarded as one group, it 
appeared that significant correlations were present during a longer period of 
time and with respect to more consciousness parameters than in the brain 
injured group alone. It could be determined that neither concurrent changes in 
platelet counts nor arterial blood gases essentially contributed to the significant 
correlations between consciousness and platelet aggregation parameters in the 
joint groups of patients. It was therefore concluded (7.3) that the relationship 
between platelet aggregation and the state of consciousness is present in 
cerebral infarction as well as in SAH. 
It is generally assumed that consciousness becomes impaired if areas in the 
brainstem are damaged or affected. Probably abnormal rostral brainstem 
function is represented by flexor spasms (diencephalic dysfunction) or extensor 
spasms (mesencephalic dysfunction), as indicated by the motor responsiveness 
score (Plum and Posner, 1972 ; Teasdale and Jennett, 1974). In chapter 3 it has 
been demonstrated that the separate scores (eye opening, motor responsiveness 
and verbal response) and, self-evidently, the total coma score show close and 
highly significant intercorrelations. In addition, the oculocephalic and oculo­
vestibular reflexes correlate also highly significantly with the separate scores 
and total coma score. In the introduction of chapter 8 the oculocephalic and 
oculovestibular responses are proposed to represent functional brainstem 
parameters, determining in particular midpontine function during the state of 
impaired consciousness. Therefore, the impairment of platelet aggregation as 
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present in acute neurological disorders described here and its significant 
correlations with consciousness parameters is most probably related to brain­
stem dysfunction. 
If this conclusion is correct, it may be expected that platelet aggregation 
correlates with other brainstem function parameters as well. For that reason, 
correlations were calculated with regard to platelet aggregation findings versus 
'brainstem activity' on the EEG and versus the assumed activity of the putative 
cerebral neurotransmitters dopamine and serotonin. 
It has been shown that in the presence of brainstem lesions, especially those 
which involve the mesencephalic reticular formation, bilateral synchronous 
BEG slowing usually happens (Loeb, 1958). Besides this slow wave activity, 
paroxysmal bursts of high voltage, bifrontally synchronous, 2- to 4-per-second 
waves are frequently seen. This activity is called frontal intermittent rhythmic 
delta activity (FIRDA) or synonymously triphasic waves, pseudoparoxysmal 
waves or monorhythmic sinusoidal delta activity (Van der Drift, 1957). Boonstra 
et al. (1 967) showed that this FIRDA probably reflects a disturbance in the 
proximal part of the brainstem as indicated by brainstem lesions verified at 
autopsy. To what extent this activity represents anatomical damage or a 
functional disturbance, is unknown in man. In animals it has been extensively 
demonstrated that changes in consciousness provoked by anatomical lesions 
as well as by influences upon cerebral neurotransmitter metabolism, elicit 
characteristic changes in EEG recordings (Moruzzi, 1 972 ; Jouvet, 1972). In 
particular, the monoaminergic and cholinergic neurons are involved in these 
changes. 
The relationship between the presence of FIRDA and a decrease in ODmax 
as demonstrated in the brain injured group of patients (fig. 8 . 1), confirms the 
proposition that impaired platelet function in acute neurological disorders is 
related to brainstem dysfunction. Speculatively, this may include an association 
between changed neurotransmitter activity in the brainstem and platelet 
function. 
It has been shown, that besides sleep which coincides with specific changes in 
neurotransmitter activity (Jouvet, 1972), coma also is associated with alter­
ations in cerebral neurotransmitter metabolism. In hepatic coma a raised con­
centration of serotonin in the brain and an increased serotonin turnover have 
been found (Fisher, 1 974 ; Knell and Curzon, 1 974). Following brain injury in 
cats increased concentrations of serotonin have been observed (Osterho1m et al. ,  
1 969), but these findings are contested by  De La Torre e t  al. (1974). In chapter 
8 . 1  it was mentioned that homovanillic a�id (HV A) concentrations in the 
lumbar CSF were decreased following brain injury irrespective of the state of 
consciousness. HV A is the main metabolite in man of the putative neuro-
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transmitter dopamine. Concentrations of 5-hydroxyindoleacetic acid (5-
HIAA) were increased between 6-60 days during unconsciousness and decreased 
to below normal after regaining consciousness (Vecht et al. , 1 975d and e) . 
Five-HIAA is the main metabolite of serotonin. It is assumed that the con­
centrations of HV A and 5-HIAA in the lumbar CSF reflect the cerebral 
turnover of their parent monoamines, in particular after administration of the 
drug probenecid (Bowers, 1970 ; Moir et al. ,  1 970 ; Korf and Van Praag, 1971 ; 
Garelis et al. ,  1 974). From our findings it was therefore concluded that the 
cerebral dopamine metabolism was decreased following brain injury irrespective 
of the state of consciousness. The cerebral serotonin turnover was increased 
during the period of unconsciousness. Thus evidence points to a relationship 
between an increased cerebral serotonin turnover and the presence of coma. 
The serotonin-containing cell-bodies are found to be restricted to a narrow 
group of neurons, known as the raphe nuclei, lying in the midportion of the 
lower pons and rostral part of the brainstem (Dahlstrom and Fuxe, 1965). 
According to this, alterations in cerebral serotonin metabolism may be held to 
represent changes in brainstem activity. Therefore, the significant correlation 
between the probenecid-induced 5-HIAA concentrations in the lumbar CSF 
and the slope of the ADP-induced aggregation curve (fig. 8 .4) supports the 
theory that platelet function may be related to brainstem dysfunction. 
In what manner might brainstem dysfunction lead to impaired platelet 
function? It is proposed here that brainstem dysfunction, in particular changes 
in the cerebral serotonergic and cholinergic neurotransmitter systems, causes, 
via alterations in peripheral sympathetic or parasympathetic activity, increased 
levels of neurohormonal substances in the circulating blood which act on the 
platelet membrane. 
Cerebral serotonin neurons may have an important function in regulating 
peripheral sympathetic and parasympathetic activity (Bogdanski et al. ,  1 958 ; 
Garattini and Valzelli, 1965). Furthermore, serotonin activity and other 
neurotransmitter substances have been proven to influence stress, adrenal 
function and corticosteroid levels (Vernikos-Danellis et al. ,  1 973 ; Naumenko, 
1973). Stress induced by injury to the hind limb in rats is followed by an 
increased concentration and metabolism of serotonin in the brainstem (Stoner 
and Elson, 1971). Following other types of stress like electric shock or anoxia, 
an increase in the serotonin concentration in the brain has also been observed 
(Garattini and Valzelli, 1957 ; Breitner et al. ,  1964). Following administration 
of parachlorphenylalanine (PCP A), a serotonin depletor, the ability to resist 
stress is diminished (Thierry et al . ,  1 968). Following administration of a 
monoamine oxidase (MAO) inhibitor, which blocks the deamination of 
monoamines, predominantly the concentration of serotonin rises (Brodie et 
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al. ,  1959). Therefore, e]evated corticosteroid levels after MAO inhibitor 
administration have been associated with raised concentrations of serotonin 
in brain tissue (Naumenko, 1973). After administration of 5-hydroxytryptophan 
(5-HTP), the direct precursor of serotonin, the physiological properties of 
serotonin can also be observed (Bogdanski et al. ,  1 958). The effect of 5-HTP 
injection results in, among other things, increased corticosteroid levels (Nau­
menko, 1973). Thus much evidence seems to be present linking the central 
serotonergic activity to pituitary-adrenal function. 
Apart from the serotonergic activity, the central cholinergic system also 
plays a role in the regulation of the pituitary-adrenal complex, predominantly 
indirectly. For example, local injection of carbachol, a choline-mimeticum, 
into the posterior hypothalamus leads to a lowering of the systemic arterial 
pressure (Brezenoff and Jenden, 1969). Excitation of central cholinergic 
structures is accompanied by increased secretion of adrenalin by the adrenal 
medulla (Tonkikh, 1968, cited by Naumenko, 1 973). The central cholinergic 
system is like the serotonergic mechanism closely related to alterations in 
consciousness (DeFeudis, 1974). Despite the fact that these mechanisms need 
further clarification, it seems possible that a changed activity of the central 
serotonergic and, more speculatively, the cholinergic system may give rise to 
increased concentrations of catecholamines in the circulating blood. These 
raised catecholamines in the peripheral blood can be explained through, e.g., 
the action of descending serotonin fibres influencing the autonomic spinal 
neurons (Tebecis, 1 974). Histochemical and pharmacological studies of the 
spinal cord raise the possibility that serotonin is an excitatory transmitter 
released from descending fibres which terminate on sympathetic preganglionic 
neurons (De Groat and Ryall, 1967). Noradrenalin depresses the firing of 
these cells, while acetylcholine had no effect (Ryall, 1967). 
It has been observed that following head injury increased catecholamine 
concentrations are circulating in the blood (Grashchenkov et al. , 1 965). These 
circulating neurohumoral agents may act, among other things, on the platelet 
membrane. Stimulation of beta-adrenergic receptors of the platelet increases 
the activity of adenyl cyclase. This raised adenyl cyclase activity can induce a 
rise in intracellular cyclic AMP (Mannucci et al. , 1 974). High cyclic AMP 
levels coincide with a decrease in platelet aggregation (Salzman et al. ,  1 970). 
The inverse correlation between the concentration of intracellular cyclic AMP 
and platelet aggregation (table 8.4) supports the view that the above-mentioned 
mechanism may be responsible for the platelet function impairment in acute 
neurological disorders. 
In addition, cyclic 3' ,5' -guanosine monophosphate (cyclic GMP) might be 
involved in platelet aggregation also. Recent studies of Hidaka et al. ( 1974) 
suggest that an increase in cyclic GMP, as possibly produced by acetylcholine, 
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may be related to platelet aggregation inhibition. Cholinesterase is present in 
platelets and cholinesterase inhibitors have been shown to inhibit platelet 
function (Saba and Mason, 1970). Increased acetylcholine concentrations have 
been demonstrated in the blood, following head injury, even several weeks 
after the accident (Grashchenkov et al. ,  1965). 
Summarizing, the following hypothesis is proposed to explain the inhibition 
of platelet aggregation following brain injury, cerebral infarction and SAH. In 
these disorders a functional change (apart from anatomical damage) in brain­
stem function is present. It may be assumed that brainstem areas determining 
the state of consciousness and those representing central autonomic functions 
are closely related. The mutual connection of these areas may, among other 
things, be determined by the activity and interrelationships of neurotransmitter 
agents. Changes in the activity of monoaminergic neurons, in particular 
serotonin, can be perceived during alterations in consciousness and may result 
concurrently in peripheral effects of areas involved in central autonomic 
functions. One of these effects could be an increased concentration of cate­
cholamine and acetylcholine in the circulating blood, which may act, e .g. ,  on 
the platelet membrane. This action is produced via increases in platelet adenyl 
or guanyl cyclase which elevates cyclic AMP and cyclic GMP, resp. The final 
result is a decreased platelet aggregation. 
Actually, increased catecholamine concentrations in the circulating blood can 
be regarded as a general response to trauma, burns and other types of stress 
(Cannon, 1928 ; LaBrosse and Cowley, 1973) . The upper brainstem and in 
particular the neurotransmitters concerned, have been demonstrated to play a 
central regulatory role in the activity of the hypophyseal-adrenal axis (Vernikos­
Danellis et al. , 1 973 ; Naumenko, 1973), which defines presumably the stress 
syndrome. Thus, it may be expected that in other kinds of stress than brain 
trauma, cerebral infarction and SAH, a decrease in platelet function is also 
present. This could explain the borderline-low platelet aggregation in the 
surgical patients of this study. The extent of injury in this group was relatively 
moderate because of the absence of shock and other complications. In more 
severe trauma without CNS involvement, a decrease in platelet function has 
repeatedly been observed (Smit Sibinga, unpublished observations). Attar 
et al. ( 1969) described a decreased platelet adhesiveness following fatal trauma 
with or without craniocerebral injury. During surgery impaired platelet 
aggregability has also been described (O'Brien et al. , 1 971) .  The number of 
reports describing platelet aggregability following trauma in man is very small, 
in particular when compared to the amount of material published about fibrin 
formation and fibrinolysis after injury. Nevertheless, the above-mentioned 
findings give support to the view that increased catecholamine (LaBrosse and 
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Cowley, 1973) and acetylcholine (Grashchenkov et al. ,  1 965) concentrations are 
present following injury acting on the platelet membrane and may result in an 
impairment of platelet function. 
The decrease in platelet aggregation parameters like ODmax and initial slope 
following acute neurological disorders indicates a decrease in secondary release 
of ADP, serotonin and other vasoactive substances. Intracellular cyclic AMP 
concentrations correlated significantly with all the platelet aggregation para­
meters studied (table 8 .4) .  An increase in platelet cyclic AMP is not only 
related to a decrease in platelet aggregation (Salzman, 1970) but also to a 
decrease in the whole energy metabolism of the platelet (Schneider, 1974). Thus 
the decreased platelet aggregation following brain trauma, cerebral infarction 
and SAH and its inverse correlation with cyclic AMP indicates a generally 
depressed platelet function. 
In the literature an apparent paradox exists between an assumed increase in 
platelet aggregability following trauma and the actual findings (Remmele and 
Loew, 1973). Following trauma either an absence (Swank, 1962 ; Ljungqvist 
and Bergentz, 1970 ; Loew et al. ,  1 973) or at most a transient increase is ob­
served (Dhall et al. ,  1 969 ; Ljungqvist and Bergentz, 1 97 1 ; Ljungqvist et al. ,  
1 97 l a) .  This paradox may be evoked by frequent observations of  platelet 
aggregates in the lung following injury (Swank, 1 968 ; Bergentz et al. , 1 971),  
which were implicitly associated with an increased platelet aggregability. The 
degree of the aggregability of platelets in the systemic circulation can be 
completely independent from platelet trapping in the lung. The release of ADP 
and other vasoactive substances from lung tissue into the pulmonary capillary 
bed may be responsible for these formed aggregates together with the capability 
of the lungs to filter aggregates through its enormous capillary bed. Possibly the 
so-called 'neuroepithelial-bodies' play a hitherto unidentified role in this 
(Lauwerijns and Cokelaere, 1 973). 
The decreased ADP-induced platelet aggregation in the severely brain injured 
patients showed a maximum impairment between 24-48 hours after injury. It 
may be supposed that usually in this period when brain oedema is most pro­
minent (Graham and Adams, 1972), the resulting increase in intracranial 
pressure leads to the most pronounced functional disturbance of the brainstem. 
The increasing impairment of consciousness on days 1 and 2 compared to that 
on admission supports this view. This way the minimum in platelet function 
on day 2 is an indirect argument supporting the hypothesis about the relation­
ship between platelet and brainstem function. A second indirect argument for 
this hypothesis is given by the later stage of the platelet aggregation course 
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post-trauma. From day 2 on the platelet aggregation quite rapidly returns 
from severely impaired (day 2) to borderline-low values (day 1 6). The total 
coma score in the severely brain injured patients shows a similar recovery in 
contrast to the motor responsiveness score which demonstrates a much slower 
rate of recovery (fig. 4.24). This indicates that the improvement of the total 
coma score is brought about by the eye opening and verbal response scores. 
Between the second and third week almost every still unconscious patient 
'awakes' , that is to say, opening his eyes at first only in response to pain, and 
then to less arousing stimuli (Jennett and Plum, 1972) . In a later stage, periods 
of wakefulness in which the patient's eyes are open alternate with periods of 
sleep. In addition, the EEG can record a wakeful pattern. Nevertheless, this 
kind of patients is not responsive and does not react to instructions and it 
seems that there is wakefulness without awareness. In this condition the 
patient generally has an abnormal motor pattern demonstrating a decerebrate 
or decorticate rigidity. The close relationship as demonstrated in this study by 
high correlation coefficients between eye opening score and motor responsive­
ness score in the acute post-ictal stage and the steady decrease of these correla­
tion coefficients in the later stage illustrate these mechanisms (table 3 .8). This 
condition is known by several names : 'coma vigile', 'akinetic mutism', and 
recently 'persistent vegetative state' has been proposed (Jennett and Plum, 1972). 
It may be supposed that after the period of acute coma in which functional and 
anatomical disturbances are present, the former gradually subside. In the later 
stage when akinetic mutism remains, this state is probably predominantly 
determined by anatomical damage (Skultety, 1968), as indicated by the relatively 
low motor responsiveness score in comparison with the eye opening score. The 
increased cerebral serotonin turnover during unconsciousness between the 
sixth and 20th day after brain injury and its subsequent considerable decrease 
while the unconsciousness persists (fig. 8 .3) further substantiates this opinion. 
Teleologically, the impairment of platelet aggregability following brain injury 
may have three major benefits with respect to cerebral oedema, vasospasm and 
clot formation. 
Cerebral oedema. Osterholm and Pyenson (1969) observed that applica6on of 
minute quantities of free serotonin resulted in severe cerebral oedema. They 
postulated that free cerebral serotonin released from a protected cellular site 
may act on the vascular endothelium disconnecting the intercellular junctions. 
The combined result of the disrupted endothelial wall and venule constriction 
may result in cerebral oedema. Costa et al. (1 974) were able to substantiate 
this hypothesis. They reported that following local injury to the cerebral 
cortex, a major portion of the serotonin accumulating in the area of the lesion 
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is released from platelets. This released serotonin permeates the walls of the 
blood vessels, contributing to the increase in their permeability. This way the 
development of a vasogenic type of oedema can be explained (Klatzo, 1974). 
The fact established in the present study that ADP-induced platelet aggregation 
is impaired following brain injury, implies a diminished secondary release of 
serotonin and other vasoactive substances (Mills et al. ,  1 968) . If this proposition 
is correct, the decreased release of serotonin at the site of vascular injury 
following head trauma, could be an advantage with respect to the prevention of 
augmentation of cerebral oedema. 
Vasospasm. As described in 6 .3 .2 serotonin released from platelets in extra­
vascular blood may elicit vasospasm (Echlin, 1965 ; Zervas et al. ,  1 973). 
Following slight or severe head injury, intracranial arterial narrowing and 
spasm have repeatedly been reported (Wilkins and Odom, 1970 ; Jackson and 
Back, 1970 ; Suwanwela and Suwanwela, 1972). This may occur in the basilar 
artery, the intracranial part of the internal carotid artery, the anterior and 
middle cerebral arteries as well as in branches of the cerebral arteries at the site 
of cerebral contusion. It is thought that this vasospasm results in cerebral 
infarction which can be responsible for the clinical symptoms in certain 
circumstances (Suwanwela and Suwanwela 1972). It seems reasonable to 
suggest that platelet inhibition is a favourable condition with regard to the 
prevention or extension of vasospasm. 
Clot formation. Following cerebral contusion, brain tissue is damaged, in­
cluding its vessels. As a physiological response to the release of tissue-throm­
boplastin which is available in large amounts in brain tissue and collagen 
exposure, platelet aggregation and subsequently fibrin formation follows. The 
clot-forming may very well result in complete obstruction of small arteries and 
capillaries. Obviously a circumscript part of cerebral tissue is dependent on 
oxygen availability from the obstructed artery concerned. The resulting 
ischaemia and anoxia can often not be compensated by collateral circulation, 
since vessels in the cerebral cortex are end-arteries. Furthermore, the brain 
like the heart is the most anoxia-sensitive organ because of the mean largest 
distance between two capillaries serving the same area. It is conceivable that 
the impaired platelet aggregation results in decreased clot formation. This in 
turn provides a more sufficient oxygenation of the contused area and outweighs 
the disadvantage of more prolonged bleeding. 
In conclusion, it was found that the brain injured patients showed signs of activated 
coagulation on admission to hospital; these abnormalities in fibrin formation and 
fibrinolysis disappeared fairly soon, however. DIC did nor occur in this series of 
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closed brain trauma. ADP-induced platelet aggregation was severely decreased 
during the post-traumatic course. In cerebral infarction and subarachnoid 
haemorrhage platelet function was also impaired in the first weeks after onset. 
Platelet aggregation parameters correlated significantly with consciousness 
parameters during a more or less uninterrupted post-ictal period in the three acute 
neurological disorders studied. It was concluded that this correlation implies a 
relationship between platelet function and brainstem dysfunction, as indicated 
also by significant correlations between platelet aggregation and 'brainstem 
activity' recordings on the EEG and the assumed turnover of the putative cerebral 
neurotransmitter serotonin. It was suggested that brainstem function influences 
the concentrations of circulating neurohormonal substances in the blood which 
may act on the platelet membrane, resulting in decreased platelet aggregation. 
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S U M MA R Y  AND C O N C LU S I O N S  
The present study is partly a clinical and partly a more pathophysiological 
inquiry into the nature of coagulation abnormalities following brain trauma. 
Comparatively little is known about haemostatic abnormalities after brain 
injury. In view of the risks which blood transfusions might involve with 
regard to inducing disseminated intravascular coagulation (DIC) and fat 
embolism, it was important to determine whether disturbances in fibrin forma­
tion and in fibrinolysis, and possibly intravascular coagulation are present 
immediately after brain trauma. 
From the literature observations are known reporting both a decreased 
leukocyte adhesiveness and a decreased thrombocyte aggregation after brain 
trauma and anaesthesia, for example. There is, consequently, evidence suggest­
ing that that the function of the central nervous system (CNS) plays a part in 
the mentioned abnormalities. In order to find an answer to this question an 
evaluation of the platelet function seemed required, not only in brain trauma 
but also in other acute neurological disorders, i .e. ,  cerebral infarctions and 
subarachnoid haemorrhages. 
In chapter 2 the normal physiology of fibrin formation, fibrinolysis and platelet 
function is briefly outlined. This is followed by a review of the literature on the 
influence of the CNS on coagulation. Generally, a brief increased sympathetic 
activity is accompanied by a tendency towards accelerated fibrin formation 
and increased fibrinolytic activity. It is found that micro-electrode stimulation 
of certain areas in the brainstem produces hypercoagulability ; stimulation of 
other areas provokes a lengthening of the haemostasis. Some investigators 
presume on the basis of these and other findings the presence of a regulatory 
influence of the CNS on coagulation. Impaired platelet function have been 
observed in several neurological entities. 
Chapter 3 deals with the composition of the patient groups studied : 1 1  patients 
with lower limb fractures (control group) ; 38 brain injured patients, of whom 
eight with fatal brain injury (death occurring within 24 hours), 19 with severe 
brain injury (7 days or more in coma) and 1 1  with slight brain injury ( 4 days or 
less in coma) ; 10 patients with ischaemic cerebral infarction, and 1 3  patients 
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with subarachnoid haemorrhage. The state of consciousness of the patients 
was measured using the clinical coma scale developed by Teasdale and Jennett 
(1974). The techniques for measuring fibrin formation, fibrinolysis and platelet 
aggregation, together with some complementary methods are also described in 
this chapter. Coagulation tests were carried out as shortly after admission as 
possible, then daily for the first 5 days and weekly thereafter. 
Chapter 4 opens with a review of haemostatic changes following general injury 
as well as brain trauma. Some attention is devoted to DIC and post-traumatic 
fat embolism and to pulmonary dysfunction in particular with respect to 
arterial hypoxia following injury. 
In this chapter the various groups with brain injury are considered. No 
evident abnormalities in fibrin formation and fibrinolysis were found in the 
control group and in the group with slight brain injuries. In patients with 
fatal or severe brain trauma signs of activated coagulation were observed on 
admission, manifested by slightly lengthened prothrombin and thrombin times, 
a shortened cephalin time and raised FDP titres. In the fatally injured group 
these abnormalities became more pronounced shortly before death. In the 
patients with severe brain damage the abnormalities disappeared spontaneously 
within 24 hours after injury. In view of the relatively slight abnormalities in the 
fibrin formation, the invariably negative result of the ethanol gelation test and 
the absence of haemorrhagic diathesis in the fatally and in the severely injured 
group it was concluded that DIC was not present. Despite the comparatively 
small number of blood samples analyzed after transfusions on the consecutive 
days of the study, it could be made plausible that transfusions with either fresh 
blood or stored blood did not provoke DIC, nor pulmonary function abnor­
malities. 
Furthermore, it was found that the Pa02 on admission significantly correlated 
with the gravity of the neurological condition on admission. It could also be 
established that during the first days post-trauma severe brain injury in com­
bination with long bone fractures produced a significantly lower Pa02 and 
Sa02 than severe brain injury alone. 
The ADP-induced platelet aggregation in the fatally injured group was 
decreased on admission and decreased even further within 24 hours. In the 
severy brain injured group the aggregation was borderline-low on admission, 
followed by a further decrease in platelet function which was most pronounced 
24-48 hours after injury. Subsequently, a fairly rapid, but incomplete recovery 
of platelet function was seen. The severely injured group had compared to the 
control group a significantly decreased platelet aggregation during the whole 
post-traumatic period with the exception of the findings on admission. The 
patients with slight brain injury had a decreased platelet function during the 
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first days post-trauma which, however, did not significantly differ from that in 
the control group. It was established that neither changes in platelet count nor 
changes in pulmonary function on the basis of arterial blood gas values were 
responsible for inhibited platelet function. 
By means of rankorder correlation calculations it was demonstrated that 
from 24-48 hours up to two weeks post-trauma platelet function correlated 
significantly with the various parameters indicating the state of consciousness : 
on the consecutive days the aggregation was less as the coma was deeper. 
Chapter 5 comprises a review of coagulation abnormalities in patients with 
ischaemic and haemorrhagic cerebral infarction. In the ten cases of ischaemic 
cerebral infarction in this study no abnormalities in fibrin formation or fibrino­
lysis were present, apart from a raised fibrinogen content. The platelets showed 
a moderately decreased ADP-induced platelet aggregation during several 
post-ictal weeks. 
In chapter 6, a survey of the literature on fibrin formation and fibrinolysis in 
patients with subarachnoid haemorrhage is given. In addition, the therapeutic 
experiences of other investigators with antifibrinolytics are reviewed. The 1 3  
patients studied with subarachnoid haemorrhage showed n o  abnormalities in 
fibrin formation and fibrinolysis according to the techniques used. In the 
entire group the platelet aggregation was moderately decreased up to several 
weeks after the initial haemorrhage. A case history is presented of a female 
patient with seriously impaired platelet aggregation. On account of the rela­
tively small number of surviving patients in this group, the decreased platelet 
function could not be correlated with incidence of recurrent haemorrhages, 
consciousness and final outcome. 
The theoretical advantages and disadvantages of decreased platelet aggrega­
tion after subarachnoid haemorrhages are considered in the discussion. 
In chapter 7 is investigated whether the linear relationship between conscious­
ness parameters and ADP-induced platelet aggregation, as determined in 
chapter 4, also appears in different combinations of the groups studied. Within 
the combined group of cerebral infarction and subarachnoid haemorrhage, 
significant correlations were found between the second and fourth week after 
ictus. In the combined group of severe and slight brain injuries, cerebral 
infarctions and subarachnoid haemorrhages higher significant correlations 
were found for more parameters and during a longer period than in the com­
bination of severe and slight brain injuries alone. It is therefore concluded 
that the relationship between brainstem function and platelet aggregation is 
not only valid in cases of traumatic brain injury, but also in other acute neurol­
ogical disorders with a lowered consciousness. 
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In chapter 8 the correlations between consciousness parameters and platelet 
aggregation on the consecutive days of the study are explained as indicating 
a relationship between brainstem dysfunction and impaired platelet function. 
Parts of this tentative explanation are tested as separate hypotheses. It was 
proven that the presence of intermittent rhythmic slow activity on the EEG, 
probably representing a disturbed brainstem function, coincided with a 
decreased ADP-induced platelet aggregation. Secondly, it was shown that 
the turnover of the putative cerebral neurotransmitter serotonin, as measured 
by the probenecid-induced concentration of its metabolite 5-HIAA in the spinal 
fluid, was inversely proportional to the platelet function in peripheral blood. 
Finally, it could be demonstrated that decreased platelet aggregation is ac­
companied by a raised concentration of cyclic AMP in the thrombocyte. 
In the general discussion in chapter 9 the presence of activated coagulation and 
the absence of DIC in fatal and severe brain injuries is further discussed. Some 
clinical aspects of post-traumatic changes in the haemostasis, the significance 
of arterial hypoxia and the advantages of giving blood are also considered. 
Further, the hypothe�is concerning the decreased platelet fun�tion is considered 
at some length on the basis of data from the literature and from own research. 
Summarizing, it may be assumed that, among other things, the putative cerebral 
neurotransmitter serotonin in the brainstem plays an important role in changes 
in both the state of consciousness and the autonomous part of the CNS. An 
increased cerebral serotonergic activity could possibly lead to an increased 
peripheral sympathetic and parasympathetic activity, manifested by, e.g., raised 
catecholamine and acetylcholine levels in the blood. These neurohormonal 
substances also influence the membrane of the platelet. This may result in an 
increase of intracellular platelet cyclic AMP, which in turn results in inhibited 
platelet aggregation. Finally, attention is drawn to the, from the teleological 
point of view, possibly beneficial effect of a decreased platelet function in 
relation to brain oedema, vasospasm and secondary ischaemia following brain 
trauma. 
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S A M EN V  A T T I N G  
Het onderhavige onderzoek heeft enerzijds een klinische, anderzijds een meer 
pathofysio1ogische vraagstelling naar de aard van bloedstollingsafwijkingen 
volgend op een hersenletsel. 
Over de afwijkingen in de haemostase na traumatisch hersenletsel is be­
trekkelijk weinig bekend. In verband met het extra risico dat eventueel nood­
zakelijke bloedtransfusies met zich mee zouden kunnen brengen ten aanzien 
van het induceren van diffuse intravasale stolling (DIS) en vetembolie, was het 
van belang te weten of op zichzelf reeds stoornissen in de fibrinevorming en 
fibrinolyse, en mogelijk intravasale stolling, aanwezig zijn na een stomp 
traumatisch hersenletsel. 
Uit de literatuur zijn waarnemingen bekend die zowel een verminderde 
leukocyten adhesiviteit als een verminderde thrombocyte:ri aggregatie vermelden 
na o.a. hersenletsel en anaesthesie. Er zijn derhalve aanwijzingen die erop 
zouden kunnen duiden dat de functie van het centrale zenuwstelsel (CZS) een 
rol speelt in genoemde afwijkingen. Teneinde deze vraag te kunnen beantwoor­
den, leek het van belang de bloedplaatjesfunctie niet aileen bij traumatisch 
hersenletsel, maar ook bij andere acute neurologische aandoeningen na te gaan, 
te weten cerebrale infarcten en subarachnoidale bloedingen. 
In hoofdstuk 2 werd in het kort de normale fysiologie van fibrinevorming, 
fibrinolyse en bloedplaatjesfunctie uiteengezet. Vervolgens werd een literatuur­
overzicht gegeven over de invloed van het CZS op de bloedstolling. In het 
algemeen gesteld gaat een kortdurende verhoogde sympathische activiteit samen 
met een neiging tot versnelde fibrinevorming en verhoogde fibrinolytische 
activiteit. Het prikkelen met micro-electrodes van bepaalde centra in de 
hersenstam blijkt sam en te kunnen gaan met een hypercoagulabiliteit ; het 
prikkelen van andere centra met een verlenging van de haemostase. Sommige 
onderzoekers menen op grond van deze en andere onderzoekingen dat een 
regulatieve invloed van het CZS op de bloedstolling aanwezig is. Functie­
stoornissen van het bloedplaatje zijn bij verschillende neurologische aan­
doeningen aangetroffen. 
In hoofdstuk 3 werd de samenstelling van de onderzochte patientengroepen 
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besproken : 1 1  patienten met fracturen van de onderste extremiteit ( controle­
groep) ; 38 patienten waarvan 8 met fataal (binnen 24 uur overleden), 19 met 
ernstig (7 dagen of langer comateus) en 1 1  met licht hersenletsel ( 4 dagen of 
minder comateus) ; 10 patienten met een ischaemisch cerebraal infarct en 13  
patienten met een subarachnoidale bloeding. Ret bewustzijn van de patienten 
werd vastgesteld aan de hand van een door Teasdale en Jennett (1974) ont­
wikkelde coma schaal. Tevens werden in dit hoofdstuk de gebruikte technieken 
voor fibrinevorming, fibrinolyse en plaatjesaggregatie besproken, alsmede 
enige aanvullende methoden. De stollingstesten werden zo kort mogelijk na 
opname uitgevoerd, vervolgens dagelijks de eerste vijf dagen en wekelijks 
daarna. 
In hoofdstuk 4 werd eerst een literatuuroverzicht gegeven met betrekking tot 
bloedstollingsveranderingen die optreden na trauma in het algemeen zowel als 
na hersenletsel. Vervolgens werden enige aspecten van de DIS en de post­
traumatische vetembolie belicht. Aan veranderingen in de longfunctie die 
posttraumatisch optreden, in het bijzonder arteriele hypoxie, werd daarna 
aandacht besteed. Wat de resultaten van het onderzoek betreft worden in de 
controlegroep en in de groep patienten met licht hersenletsel geen evidente af­
wijkingen in fibrinevorming en fibrinolyse vastgesteld. Bij patienten met fataal 
en ernstig hersenletse1 worden kort na opname tekenen van geactiveerde stolling 
waargenomen, hetgeen tot uiting kwam in licht verlengde prothrombine en 
thrombinetijden, een verkorte cefalinetijd  en verhoogde FDP titers. In de 
fataal beschadigde groep waren deze afwijkingen meer uitgesproken juist voor 
het overlijden. In de patienten met ernstig hersenletsel bleken de afwijkingen 
zich binnen 24 uur spontaan te herstellen. Op grond van de betrekkelijk milde 
afwijkingen in de fibrinevorming, de onveranderlijk negatieve uitslag van de 
ethanol gelatie test en de afwezigheid van een haemorrhagische diathese in de 
fataal en ernstig beschadigde groep werd geconcludeerd dat er geen sprake was 
van DIS. Ondanks het betrekkelijk gering aantal bloedmonsters dat onderzocht 
werd in aansluiting aan bloedtransfusies op de onderscheiden dagen, kon 
niettemin aannemelijk worden gemaakt dat noch het geven van vers, noch het 
geven van langer bewaard bloed aanleiding gaf tot DIS, of tot stoornissen in de 
arteriele bloedgaswaarden. 
De verlaging van de arteriele zuurstofspanning (Pa02) bleek bij opname 
significant te correleren met de ernst van de neurologische toestand bij opname. 
Tevens kon worden vastgesteld dat de aanwezigheid van lange pijpbeenfrac­
turen in combinatie met ernstig hersenletsel een significant lagere P a02 en 
Sa02 met zich meebracht dan de aanwezigheid van ernstig hersenletsel aileen, 
gedurende de eerste posttraumatische dagen. 
De ADP-gei:nduceerde plaatjesaggregatie bij de fataal beschadigde groep 
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bleek kort na opname verminderd te zijn en bleek binnen 24 uur nog verder af 
te nemen. Bij de ernstige hersenletsels was de aggregatie bij opname juist nor­
maal, waarna een ernstige dating in plaatjesfunctie optrad die het meest uit­
gesproken was 24-48 na het trauma. Hierna trad een betrekkelijk snel, doch 
onvolledig herstel in plaatjesfunctie op. Gedurende de gehele posttraumatische 
periode met uitzondering van de bevindingen bij opname had deze ernstige 
groep een significant verminderde plaatjesaggregatie in vergelijking tot de 
controlegroep. De patienten met licht hersenletsel hadden gedurende de eerste 
dagen na het trauma een verminderde plaatjesfunctie die echter niet significant 
verschilde van de controlegoep. Vastgesteld kon worden dat noch verande­
ringen in plaatjesaantal, noch in de longfunctie aan de hand van de arteriele 
bloedgaswaarden samengingen met de geremde plaatjesfunctie. 
Met behulp van rangorde correlatie berekeningen werd aangetoond dat 
vanaf 24-48 uur tot en met twee weken na het trauma de bloedplaatjesfunctie 
significant correleerde met de verschillende parameters die de mate van be­
wustzijnsdaling weergeven : naarmate het coma dieper was, bleek de aggregatie 
op de onderscheiden dagen minder te zijn. 
In hoofdstuk 5 werd een literatuuroverzicht gegeven van bloedstollings­
stoornissen bij patienten met ischaemische en haemorrhagische cerebrale in­
farcten. Bij de 10 in dit onderzoek betrokken ischaemische infarcten waren, 
afgezien van een verhoogd fibrinogeengehalte geen afwijkingen in fibrine­
vorming of fibrinolyse aanwezig. De plaatjes vertoonden een matig verminderde 
ADP-ge'induceerde plaatjesaggregatie gedurende enkele weken na de ictus. 
In hoofdstuk 6 werd een overzicht gegeven over de fibrinevorming en fibrinolyse 
by patienten met een subarachnoidale bloeding. Tevens werd aandacht besteed 
aan de therapeutische ervaringen van enkele onderzoekers met antifibrinolytica 
bij deze aandoening. 
De 1 3  onderzochte patienten bleken met de gebruikte technieken geen af­
wijkingen in fibrinevorming en fibrinolyse te vertonen. De plaatjesaggregatie 
in deze gehele groep was matig verminderd gedurende enkele weken na de 
initiele bloeding. De ziektegeschiederus van een patiente met een zeer ernstig 
gestoorde plaatjesaggregatie werd gepresenteerd. Gezien het betrekkelijk 
geringe aantal patienten in deze groep kon de verminderde plaatjesfunctie niet 
getoetst worden aan het v66rkomen van recidief bloedingen, het bewustzijn en 
de afloop. De theoretische voor- en nadelen van een verminderde plaatjesaggre­
gatie na een subarachnoidale bloeding werden in de discussie besproken. 
In hoofdstuk 7 werd nagegaan of verondersteld mocht worden dat de lineaire 
relati� als vastgesteld in hoofdstuk 4 tussen bewustzijnsparameters enerzijds en 
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ADP-ge'induceerde plaatjesaggregatie anderzijds, ook bij andere acute neuro ­
logische aandoeningen aanwezig was. Daartoe werden binnen de gezamenlijke 
groep van cerebrale infarcten en subarachnoidale bloedingen soortgelijke 
correlatie berekeningen als in hoofdstuk 4 uitgevoerd. Vanaf de tweede tot en 
met de vierde week na de ictus bleek een significante positieve correlatie te 
bestaan tussen de som van de coma scores en de plaatjesaggregatie. Binnen de 
groep van ernstige en lichte hersenletsels, cerebrale infarcten en arachnoidale 
bloedingen gezamenlijk konden voor meer parameters en gedurende een langere 
periode in de tijd significante correlaties worden vastgesteld dan bij de com­
binatie van ernstige en lichte hersenletsels alleen. Derhalve werd geconcludeerd 
dat de relatie tussen een gedaald bewustzijn  en de verminderde bloedplaatjes­
aggregatie niet alleen geldig is bij patienten met een traumatisch hersenletsel, 
maar ook bij andere acute aandoeningen met een gedaald bewustzijn. 
Op grond van deze bevindingen werd in hoofdstuk 8 een hypothese opgezet 
teneinde de relatie tussen plaatjesaggregatie en bewustzijn te kunnen verklaren. 
Er werd op gewezen dat deze relatie verklaard zou kunnen worden door een 
verband tussen gestoorde hersenstamfunctie en plaatjesfunctie. Een aantal 
onderdelen van deze veronderstelde verklaring werden vervolgens als af­
zonderlijke hypothesen getoetst. Vastgesteld kon worden dat de aanwezigheid 
van intermitterende ritmische langzame activiteit op het EEG, als waar­
schijnlijke representant van een gestoorde hersenstamfunctie, samenging met 
een verminderde ADP-geinduceerde plaatjesaggregatie. De turnover van de 
cerebrale neurotransmitter serotonine, als gemeten door de probenecide-ge'in­
duceerde concentratie van zijn metaboliet 5-HIAA in de lumbale liquor, was 
omgekeerd evenredig met de plaatjesfunctie in het perifere bloed . Tenslotte 
kon vastgesteld worden dat een verminderde plaatjesaggregatie samenging met 
een verhoogde intracellulaire concentratie van cyclisch AMP in de thrombocyt. 
In de algemene discussie in hoofdstuk 9 werd nog een ingegaan op de aan­
wezigheid van geactiveerde stolling en de afwezigheid van DIS bij de fatale en 
ernstige hersenletsels. Tevens werd aandacht besteed aan enige klinische aspec­
ten van posttraumatische veranderingen in de haemostase, alsmede aan 
arteriele hypoxie en de gewenstheid van het geven van bloedtransfusies. 
Vervolgens werd op grond van literatuurgegevens en eigen onderzoek uitvoerig 
ingegaan op de hypothese omtrent de verminderde plaatjesaggregatie. In het 
kort luidt deze dat verondersteld mag worden dat o.a. de activiteit van de 
neurotransmitter serotonine in de hersenstam in belangrijke mate betrokken is 
bij zowel veranderingen van het bewustzij n  als bij het centrale autonome 
zenuwstelsel. Een verhoogde cerebrale serotonerge activiteit zou hypothetisch 
gezien kunnen leiden tot een verhoogde perifere sympathische en parasym-
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pathische activiteit zich uitend in o.a.  verhoogde catecholamine en acetylcholine 
spiegels in bet bloed. Deze neurohormonale stoffen zouden ook hun werking 
laten gelden op de membraan van bet bloedplaatje. Dit kan resulteren in ver­
hoging van o.a. cyclisch Al\1P intracellulair, wat op zijn beurt resulteert in een 
geremde plaatjesaggregatie. 
Tenslotte werd in deze algemene discussie gewezen op bet, teleologisch 
gezien, mogelijk gunstige effect van een verminderde plaatjesfunctie met be­
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cerebral blood flow 
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